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Using Formal Speciﬁcations to Support Testing
Îò Óò Ø·»®±²­ô Õò Þ±¹¼¿²±ªô Öò Ðò Þ±©»²ô Îò Ý´»¿ª»´¿²¼ô Öò Ü»®®·½µô Öò Ü·½µô Óò Ù¸»±ó
®¹¸»ô Óò Ø¿®³¿²ô Õò Õ¿°±±®ô Ðò Õ®¿«­»ô Ùò Ô«»¬¬¹»²ô ßò Öò Øò Í·³±²­ô Íò Ê·´µ±³·®ô Óò Îò
É±±¼©¿®¼ô ¿²¼ Øò Æ»¼¿²
Ú±®³¿´ ³»¬¸±¼­ ¿²¼ ¬»­¬·²¹ ¿®» ¬©± ·³°±®¬¿²¬ ¿°°®±¿½¸»­ ¬¸¿¬ ¿­­·­¬ ·² ¬¸» ¼»ª»´±°³»²¬ ±º ¸·¹¸ ¯«¿´·¬§ ­±º¬©¿®»ò
É¸·´» ¬®¿¼·¬·±²¿´´§ ¬¸»­» ¿°°®±¿½¸»­ ¸¿ª» ¾»»² ­»»² ¿­ ®·ª¿´­ô ·² ®»½»²¬ §»¿®­ ¿ ²»© ½±²­»²­«­ ¸¿­ ¼»ª»´±°»¼
·² ©¸·½¸ ¬¸»§ ¿®» ­»»² ¿­ ½±³°´»³»²¬¿®§ò Ì¸·­ ¿®¬·½´» ®»ª·»©­ ¬¸» ­¬¿¬» ±º ¬¸» ¿®¬ ®»¹¿®¼·²¹ ©¿§­ ·² ©¸·½¸ ¬¸»
presence of a formal speciﬁcation can be used to assist testing.
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With the growing signiﬁcance of computer systems within industry and wider society,
¬»½¸²·¯«»­ ¬¸¿¬ ¿­­·­¬ ·² ¬¸» °®±¼«½¬·±² ±º ®»´·¿¾´» ­±º¬©¿®» ¿®» ¾»½±³·²¹ ·²½®»¿­·²¹´§ ·³ó
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¬¸»§ ´¿®¹»´§ º¿·´»¼ ¬± ·²º±®³ ±²» ¿²±¬¸»® ¿²¼ ¬¸»®» ©¿­ ª»®§ ´·¬¬´» ·²¬»®¿½¬·±² ¾»¬©»»² ¬¸»
¬©± ½±³³«²·¬·»­ò ×² ®»½»²¬ §»¿®­ô ¸±©»ª»®ô ¿ ²»© ½±²­»²­«­ ¸¿­ ¼»ª»´±°»¼ò Ë²¼»® ¬¸·­
½±²­»²­«­ô ¬¸»­» ¿°°®±¿½¸»­ ¿®» ­»»² ¿­ ½±³°´»³»²¬¿®§ ÅÞ±©»² »¬ ¿´ò îððîå Ø±¿®» ïççêÃò
Ì¸·­ ¸¿­ ´»¼ ¬± ©±®µ ¬¸¿¬ »¨°´±®»­ ©¿§­ ·² ©¸·½¸ ¬¸»§ ½±³°´»³»²¬ »¿½¸ ±¬¸»®ò
The use of a formal speciﬁcation or model eliminates ambiguity and thus reduces the
½¸¿²½» ±º »®®±®­ ¾»·²¹ ·²¬®±¼«½»¼ ¼«®·²¹ ­±º¬©¿®» ¼»ª»´±°³»²¬ò Ò¿¬«®¿´´§ô ¬¸»®» ­¬·´´ ®»ó
mains the issue of obtaining a formal speciﬁcation that matches the actual customer re-
¯«·®»³»²¬­ ¿²¼ ¬¸·­ ·­ ½±³°´·½¿¬»¼ ¾§ ¬¸» ¬»²¼»²½§ º±® ­¬¿¬»¼ ®»¯«·®»³»²¬­ ¬± ½¸¿²¹» ¼«®ó
ing development. Where a formal speciﬁcation exists, both the source code and the spec-
iﬁcation may be seen as formal objects that can be analyzed and manipulated. A formal
speciﬁcation could be analyzed in order to explore the consequences of this speciﬁcation
and potentially ﬁnd mistakes (see, for example, [Kemmerer 1985]). If this is done then we
have greater conﬁdence that we are testing the ­§­¬»³ «²¼»® ¬»­¬ øÍËÌ÷ ¿¹¿·²­¬ ¬¸» ¿½¬«¿´
requirements. The use of a formal speciﬁcation introduces the possibility of the formal
and, potentially, automatic analysis of the relationship between the speciﬁcation and the
­±«®½» ½±¼»ò Ì¸·­ ·­ ±º¬»² ¿­­«³»¼ ¬± ¬¿µ» ¬¸» º±®³ ±º ¿ °®±±ºô ¾«¬ ­«½¸ ¿ °®±±º ½¿²²±¬
¹«¿®¿²¬»» ±°»®¿¬·±²¿´ ½±®®»½¬²»­­ò Ú±® ¬¸·­ ®»¿­±²ô »ª»² ©¸»®» ­«½¸ ¿ °®±±º ·­ ¾»´·»ª»¼
¬± »¨·­¬ô ·¬ ·­ ·³°±®¬¿²¬ ¬± ¿°°´§ ¼§²¿³·½ ¬»­¬·²¹ ø­»»ô º±® »¨¿³°´»ô ÅÜ»Ó·´´± »¬ ¿´ò ïçéçå
Ú»¬¦»® ïçèèÃ÷ò
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©¿®» ¼»ª»´±°³»²¬ °®±½»­­ô ©·¬¸ ¬¸» ·³°±®¬¿²½» ¿²¼ ½±­¬ ¼»°»²¼·²¹ ±² ¬¸» ²¿¬«®» ¿²¼
criticality of the system. Studies suggest that testing often forms more than ﬁfty percent of
¬¸» ¬±¬¿´ ¼»ª»´±°³»²¬ ½±­¬ô ¿²¼ ¸»²½» ¼±³·²¿¬»­ ¬¸» ±ª»®¿´´ °®±¼«½¬·±² ½±­¬ò É¸»®» º±®³¿´
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇô Ð¿¹»­ ïðááò
î ~
speciﬁcations and models exist, these may be used as the basis for automating parts of the
testing process and this can lead to more efﬁcient and effective testing. It may transpire
that its support for test automation is one of the most signiﬁcant beneﬁts of formal model
¾«·´¼·²¹ò Ì¸» ´·²µ­ ¾»¬©»»² ¬»­¬·²¹ ¿²¼ º±®³¿´ ³»¬¸±¼­ ¼±ô ¸±©»ª»®ô ¹± ©»´´ ¾»§±²¼
generating tests from a formal speciﬁcation.
For example, if we have a formal speciﬁcation then we may be able to use this as the ba-
­·­ º±® ¹»²»®¿¬·²¹ ¿ ¬»­¬ ±®¿½´»æ ¿ ­§­¬»³ ¬¸¿¬ ¼»¬»®³·²»­ ©¸»¬¸»® ¿² ±¾­»®ª»¼ ·²°«¬ñ±«¬°«¬
behaviour is consistent with the speciﬁcation. Naturally, the datatypes used in the speciﬁ-
½¿¬·±² ¿®» ±º¬»² ³±®» ¿¾­¬®¿½¬ ¬¸¿² ¬¸±­» ·² ¬¸» ÍËÌô ·² ©¸·½¸ ½¿­» ·¬ ·­ ²»½»­­¿®§ ¬± ¸¿ª»
¿ «­»®ó­«°°´·»¼ ¿¾­¬®¿½¬·±² º«²½¬·±²ò Ò±¬»ô ¸±©»ª»®ô ¬¸¿¬ ·² ¹»²»®¿´ ­«½¸ ¿² ¿¾­¬®¿½¬·±²
º«²½¬·±² ½¿² ¾» «²½±³°«¬¿¾´»ò
Many systems have a persistent internal state and testing then includes ﬁnding an input
­»¯«»²½» ¬¸¿¬ ¬¿µ»­ ¬¸» ­§­¬»³ ¬± ¿ ®»¯«·®»¼ ­¬¿¬» º±® ¿ ¬»­¬ ¿²¼ ½¸»½µ·²¹ ¬¸¿¬ ¬¸» ­¬¿¬»
·­ ½±®®»½¬ ¿º¬»® ¬¸» ¬»­¬ò ß¹¿·²ô º±®³¿´ ³±¼»´´·²¹ ½¿² ¸»´° «­ ¸»®»ô ¿²¼ °®±ª·¼» ­«°°±®¬
for ﬁnding appropriate paths through a ﬁnite state structure. There is, as ever it seems, a
º«²¼¿³»²¬¿´ ´·³·¬¿¬·±² ¬± ©¸¿¬ ·­ ¿½¸·»ª¿¾´» ¼«» ¬± ¬¸» º»¿­·¾´» °¿¬¸ °®±¾´»³æ ¿ ½¸±­»²
°¿¬¸ ³·¹¸¬ ²±¬ ¾» º»¿­·¾´» ¿²¼ ·¬ ·­ «²¼»½·¼¿¾´» ©¸»¬¸»® ¿ °¿¬¸ ·­ º»¿­·¾´»ò É¸·´» ¬¸·­
°®±¾´»³ ¿ºº»½¬­ ¿´³±­¬ ¿´´ º±®³¿´·­³­ô ¬¸»®» ¿®» ¹»²»®¿´ ¿°°®±¿½¸»­ ­«½¸ ¿­ ½±²­¬®¿·²¬
­±´ª·²¹ ¿²¼ ¬¸»±®»³ °®±ª·²¹ ¬¸¿¬ ½¿² ¿­­·­¬ò
The presence of a formal speciﬁcation or model makes it possible for the tester to be
½´»¿®»® ¿¾±«¬ ©¸¿¬ ·¬ ³»¿²­ º±® ¿ ­§­¬»³ ¬± °¿­­ ¿ ¬»­¬ò Ì¸·­ ³¿§ ¾» ¿½¸·»ª»¼ ¬¸®±«¹¸ ¬¸»
«­» ±º ¬»­¬ ¸§°±¬¸»­»­ ÅÙ¿«¼»´ ïççëÃ ±® ¼»­·¹² º±® ¬»­¬ ½±²¼·¬·±²­ Å×°¿¬» ¿²¼ Ø±´½±³¾»
ïççéå Ø±´½±³¾» ¿²¼ ×°¿¬» ïççèÃò Í·³·´¿® ·¼»¿­ ½¿² ¾» º±«²¼ ·² ¬¸» ¹»²»®¿¬·±² ±º ¬»­¬­
from ﬁnite state machines in which some º¿«´¬ ³±¼»´ ·­ ¿­­«³»¼ Å×ÌËóÌ ïççéÃò Ë­·²¹
¬¸»­» ¿°°®±¿½¸»­ ·¬ ·­ °±­­·¾´» ¬± ¹»²»®¿¬» ¬»­¬­ ¬¸¿¬ ¼»¬»®³·²» ½±®®»½¬²»­­ ©·¬¸ ®»­°»½¬ ¬±
a speciﬁcation under certain conditions, circumventing Dijkstra’s famous aphorism that
¬»­¬·²¹ ½¿² ­¸±© ¬¸» °®»­»²½» ±º ¾«¹­ô ¾«¬ ²»ª»® ¬¸»·® ¿¾­»²½» ÅÜ·¶µ­¬®¿ ïçéîÃò ×º °®±¹®¿³
¿²¿´§­·­ ½±«´¼ ¾» «­»¼ ·² ±®¼»® ¬± »·¬¸»® °®±ª» ¬¸¿¬ ¬¸»­» ½±²¼·¬·±²­ ¸±´¼ ±® °®±ª·¼» ½±²ó
ﬁdence in them holding, then we would have a very tight coupling between speciﬁcation
and testing; a combined formal analysis of speciﬁcation and test could provide very strong
¹«¿®¿²¬»»­ ±º ½±®®»½¬²»­­ò
Ñ² ¿ ­´·¹¸¬´§ ¼·ºº»®»²¬ ¬¿½µô ·²º±®³¿¬·±² ¹¿¬¸»®»¼ ¾§ ¬»­¬·²¹ ³¿§ ¿­­·­¬ ©¸»² «­·²¹ ¿
formal speciﬁcation. Testing can be used in order to provide initial conﬁdence in a system
¾»º±®» »ºº±®¬ ·­ »¨°»²¼»¼ ·² ¿¬¬»³°¬·²¹ ¬± °®±ª» ½±®®»½¬²»­­ò É¸»®» ·¬ ·­ ²±¬ ½±­¬ »ºº»½¬·ª»
to produce a proof of conformance, the developers may gain conﬁdence in the SUT through
­§­¬»³¿¬·½ ¬»­¬·²¹ò Ì¸·­ ³·¹¸¬ ¾» ½±³°´»³»²¬»¼ ¾§ °®±±º­ ¬¸¿¬ ½®·¬·½¿´ °®±°»®¬·»­ ¸±´¼ò ß
°®±±º ±º ½±®®»½¬²»­­ ³·¹¸¬ ¿´­± «­» ·²º±®³¿¬·±² ¼»®·ª»¼ ¼«®·²¹ ¬»­¬·²¹ò Ú·²¿´´§ô ¿ °®±±º ±º
½±®®»½¬²»­­ ®»´·»­ «°±² ¿ ³±¼»´ ±º ¬¸» «²¼»®´§·²¹ ­§­¬»³ ¿²¼ ¼§²¿³·½ ¬»­¬·²¹ ³·¹¸¬ ¾»
«­»¼ ¬± ·²¼·®»½¬´§ ½¸»½µ ¬¸¿¬ ¬¸·­ ³±¼»´ ¸±´¼­ò ß² ·²¬»®»­¬·²¹ ½¸¿´´»²¹» ·­ ¬± ¹»²»®¿¬» ¬»­¬­
¬¸¿¬ ¿®» ´·µ»´§ ¬± ¾» »ºº»½¬·ª» ·² ¼»¬»½¬·²¹ »®®±®­ ·² ¬¸» ¿­­«³°¬·±²­ ·²¸»®»²¬ ·² ¿ °®±±ºò
In this article we explore the many ways in which the presence of a formal speciﬁcation
½¿² ­«°°±®¬ ¬»­¬·²¹ò É» »¨°´±®» ·­­«»­ ­«½¸ ¿­æ ©¸¿¬ ­±®¬­ ±º ¬»­¬ ½¿­»­ ¼± ©» ©·­¸ ¬±
°®±¼«½»å ©¸¿¬ ¼±»­ ¬¸» ®»­«´¬ ±º ¿°°´§·²¹ ¬¸»­» ¬»­¬ ½¿­»­ ¬»´´ «­å ¿²¼ô ¸±© ½¿² ©» ¹»²ó
erate them? We also discuss issues regarding testability — a property whose signiﬁcance
·­ ®»½±¹²·¦»¼ ·² ¸¿®¼©¿®» ¼»ª»´±°³»²¬ ¾«¬ ³«½¸ ´»­­ ­± ·² ­±º¬©¿®» ¼»ª»´±°³»²¬ò Ì¸»
°¿°»® ·­ ­¬®«½¬«®»¼ ¿­ º±´´±©­ò ×² Í»½¬·±² î ©» °®±ª·¼» ¿ ¾®·»º ®»ª·»© ±º º±®³¿´ ³»¬¸±¼­
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
~ í
¿²¼ Í»½¬·±² í ¬¸»² ¼·­½«­­»­ ­±³» ¹»²»®¿´ ®»´¿¬·±²­¸·°­ ¾»¬©»»² º±®³¿´ ³»¬¸±¼­ ¿²¼ ¬»­¬ó
ing. Sections 4–8 describe work on generating tests from a speciﬁcation written using a
model based notation such as Z, VDM, or B; a ﬁnite state machine; a process algebra; a
hybrid speciﬁcation language; or an algebraic speciﬁcation language respectively. Section
ç ¼»­½®·¾»­ ¬¸» «­» ±º ³±¼»´ ½¸»½µ·²¹ ¿²¼ ½±²­¬®¿·²¬ ­¿¬·­º¿½¬·±² ¬»½¸²·¯«»­ ·² ¿«¬±³¿¬ó
·²¹ ¬»­¬ ¹»²»®¿¬·±²ò Í»½¬·±² ïð ¼·­½«­­»­ º«¬«®» ®»­»¿®½¸ ¼·®»½¬·±²­ ¿²¼ Í»½¬·±² ïï ¼®¿©­
½±²½´«­·±²­ò
îò ×ÒÌÎÑÜËÝÌ×ÑÒ ÌÑ ÚÑÎÓßÔ ÓÛÌØÑÜÍ
Formal speciﬁcation languages are mathematically-based languages whose purpose is to
¿·¼ ¬¸» ½±²­¬®«½¬·±² ±º ­§­¬»³­ ¿²¼ ­±º¬©¿®»ò Ñº¬»² ¾¿½µ»¼ ¾§ ¬±±´ ­«°°±®¬ô ¬¸»§ ½¿² ¾»
«­»¼ ¬± ¾±¬¸ ¼»­½®·¾» ¿ ­§­¬»³ ¿²¼ ¿´­± ¬¸»² ¬± ¿²¿´§¦» ·¬­ ¾»¸¿ª·±«®ô °±­­·¾´§ ª»®·º§·²¹
µ»§ °®±°»®¬·»­ ±º ·²¬»®»­¬ò
The engineering rationale behind formal methods is that time spent on speciﬁcation and
¼»­·¹² ©·´´ ¾» ®»°¿·¼ ¾§ ¿ ¸·¹¸»® ¯«¿´·¬§ ±º °®±¼«½¬ô ¬¸·­ ½±²¬®·¾«¬·²¹ ¬± ¬¸» ½±³³»®½·¿´
®¿¬·±²¿´» ±º ¬®§·²¹ ¬± ®»¼«½» ¬¸» ½±­¬ ±º ®»©±®µ ´¿¬»® ±²ò Ú±®³¿´ ³»¬¸±¼­ ±º ½±«®­» ¼±
²±¬ ¹«¿®¿²¬»» ½±®®»½¬²»­­ô ¾«¬ ¬¸»·® «­» ¿·³­ ¬± ·²½®»¿­» ±«® «²¼»®­¬¿²¼·²¹ ±º ¿ ­§­¬»³ ¾§
®»ª»¿´·²¹ »®®±®­ ±® ¿­°»½¬­ ±º ·²½±³°´»¬»²»­­ ¬¸¿¬ ³·¹¸¬ ¾» øª»®§÷ »¨°»²­·ª» ¬± ®»½¬·º§ ¿¬ ¿
´¿¬»® ¼¿¬»ò Ò¿¬«®¿´´§ô ¼»ª»´±°³»²¬ ·­ ­¬·´´ ´·µ»´§ ¬± ¾» ·¬»®¿¬·ª»ô ­·²½» ®»¯«·®»³»²¬­ «­«¿´´§
change during a development project and the use of formal speciﬁcation languages cannot
¾» »¨°»½¬»¼ ¬± »²¬·®»´§ »´·³·²¿¬» »®®±®­ò
Over the last 25 years formal methods have reached a sufﬁcient level of maturity so that
¬¸»§ ¿®» ®±«¬·²»´§ ¿°°´·»¼ ·² ¸¿®¼©¿®» ½±²­¬®«½¬·±²ô ¿²¼ ¿°°´·»¼ ©·¬¸ ¿ ½»®¬¿·² º®»¯«»²½§ ·²
­±º¬©¿®» ½±²­¬®«½¬·±²ô °¿®¬·½«´¿®´§ º±® ­¿º»¬§ ½®·¬·½¿´ ­±º¬©¿®»ò É» ²±© ¼»­½®·¾» ¬¸» ³¿·²
types of formal speciﬁcation languages before discussing the problem of test generation in
Í»½¬·±²­ ìèò
2.1 Speciﬁcation Languages
The primary idea behind a formal method is that there is beneﬁt in writing a precise ­°»½ó
iﬁcation ±º ¿ ­§­¬»³ô ¿²¼ º±®³¿´ ³»¬¸±¼­ «­» ¿ º±®³¿´ ±® ³¿¬¸»³¿¬·½¿´ ­§²¬¿¨ ¬± ¼± ­±ò
Ì¸·­ ­§²¬¿¨ ·­ «­«¿´´§ ¬»¨¬«¿´ ¾«¬ ½¿² ¾» ¹®¿°¸·½¿´ò ß ­»³¿²¬·½­ ·­ ¿´­± °®±ª·¼»¼ô ¬¸¿¬ ·­ô ¿
°®»½·­» ³»¿²·²¹ ·­ ¹·ª»² º±® »¿½¸ ¼»­½®·°¬·±² ·² ¬¸» ´¿²¹«¿¹»ò
A speciﬁcation of a system might cover one or more of a number of aspects, including its
º«²½¬·±²¿´ ¾»¸¿ª·±«®ô ·¬­ ­¬®«½¬«®» ±® ¿®½¸·¬»½¬«®»ô ±® »ª»² ½±ª»® ¿­°»½¬­ ±º ²±²óº«²½¬·±²¿´
¾»¸¿ª·±«® ­«½¸ ¿­ ¬·³·²¹ ±® °»®º±®³¿²½» ½®·¬»®·¿ò
A precise speciﬁcation of a system can be used in a number of ways. First, it can be used
¿­ ¬¸» °®±½»­­ ¾§ ©¸·½¸ ¿ °®±°»® «²¼»®­¬¿²¼·²¹ ±º ¬¸» ­§­¬»³ ½¿² ¾» ¿®¬·½«´¿¬»¼ô ¬¸»®»¾§
revealing errors or aspects of incompleteness. The speciﬁcation can also be analyzed or it
can be veriﬁed correct against properties of interest.
A speciﬁcation can also be used as a vehicle for driving the development process, either
through reﬁning the speciﬁcation towards code or by direct code generation. Of course, a
key aspect of the development process is testing, and a speciﬁcation can also be used to
­«°°±®¬ ¬¸» ¬»­¬·²¹ °®±½»­­ò ×²¼»»¼ô ¬¸» °«®°±­» ±º ¬¸·­ °¿°»® ·­ ¬± »¨°´±®» ¬¸·­ ·­­«» ·²
­±³» ¼»°¬¸ò
A variety of different formal speciﬁcation techniques exist, some are general purpose
©¸·´­¬ ±¬¸»®­ ­¬®»­­ ¿­°»½¬­ ®»´»ª¿²¬ ¬± °¿®¬·½«´¿® ¿°°´·½¿¬·±² ¼±³¿·²­ ø»ò¹òô ½±²½«®®»²¬ ­§­ó
¬»³­÷ò Ó±­¬ ¿®» ¾¿½µ»¼ó«° ¾§ ª¿®§·²¹ ¼»¹®»»­ ±º ¬±±´ ­«°°±®¬ò ×² ©¸¿¬ º±´´±©­ ©» ­«®ª»§
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
ì ~
­±³» ±º ¬¸» ³±­¬ °±°«´¿® ²±¬¿¬·±²­ ¿­ ¿ °®»´«¼» ¬± ¿ ¼·­½«­­·±² ±² ¸±© ¬¸»·® «­» ½¿² ¾»
·²¬»¹®¿¬»¼ ·²¬± ¬¸» ¬»­¬·²¹ °®±½»­­ò
îòî Ó±¼»´óÞ¿­»¼ Ô¿²¹«¿¹»­
There are a number of different ways to write a precise speciﬁcation. One approach is to
¾«·´¼ ¿ ³±¼»´ ±º ¬¸» ·²¬»²¼»¼ ¾»¸¿ª·±«®ô ¿²¼ ´¿²¹«¿¹»­ ­«½¸ ¿­ Æ ÅÍ°·ª»§ ïçèèå ïççîÃô
ÊÜÓ ÅÖ±²»­ ïççïÃ ¿²¼ Þ Åß¾®·¿´ ïççêÃ ¼± ­± ¾§ ¼»­½®·¾·²¹ ¬¸» ­¬¿¬»­ ¬¸» ­§­¬»³ ½±«´¼ ¾»
·² ¬±¹»¬¸»® ©·¬¸ ±°»®¿¬·±²­ ¬¸¿¬ ½¸¿²¹» ¬¸» ­¬¿¬»ò
Ì¸» ­¬¿¬»­ ±º ¬¸» ­§­¬»³ ¿®» ¬§°·½¿´´§ ¼»­½®·¾»¼ «­·²¹ ­»¬­ô ­»¯«»²½»­ô ®»´¿¬·±²­ ¿²¼
º«²½¬·±²­ô ¿²¼ ±°»®¿¬·±²­ ¿®» ¼»­½®·¾»¼ ¾§ °®»¼·½¿¬»­ ¹·ª»² ·² ¬»®³­ ±º °®»ó ¿²¼ °±­¬ó
conditions. There are a number of ways to structure such a speciﬁcation. Z, for example,
«­»­ ¿ ´¿²¹«¿¹» ±º ­½¸»³¿­ ¬± ¼± ­±ô ©¸»®» »¿½¸ ­½¸»³¿ ½±²­·­¬­ ±º ¿ ¼»½´¿®¿¬·±² ¬±¹»¬¸»®
©·¬¸ ¿ °®»¼·½¿¬» ©¸·½¸ ½±²­¬®¿·²­ ¬¸» ­½¸»³¿ò
Consider, for example, the speciﬁcation of a bounded stack. We describe the possible
­¬¿¬»­ ±º ¬¸» ­¬¿½µ ª·¿ ¿ ­½¸»³¿ò É» ©±«´¼ ´·µ» ¬± «­» ¬¸» ­¬¿½µ ¬± µ»»° ¬¸·²¹­ ¬¸¿¬ ½±³»
º®±³ ¿ °¿®¬·½«´¿® ­»¬ô ­¿§ Ñ¾¶»½¬. This can be speciﬁed in Z as follows:
ÅÑ¾¶»½¬Ã
This deﬁnes a set, Ñ¾¶»½¬ô ¿²¼ ¿¬ ¬¸·­ ´»ª»´ ±º ¿¾­¬®¿½¬·±² ©» ¿®» ²±¬ ½±²½»®²»¼ ©·¬¸ ¬¸»
­¬®«½¬«®» ±º ¬¸» »´»³»²¬­ ±º ¬¸·­ ­»¬ò Ú«®¬¸»®ô ·² ±®¼»® ¬± ­°»½·º§ ¬¸» ¾±«²¼»¼ ­¬¿½µô ©»
deﬁne a constant, say ³¿¨Í·¦»ô ¾»§±²¼ ©¸·½¸ ¬¸» ­·¦» ±º ­¬¿½µ ½¿²²±¬ ¹®±©ò
³¿¨Í·¦» ãã îðððð
Ò±©ô ©» ½¿² ¼»­½®·¾» ¬¸» °±­­·¾´» ­¬¿¬»­ ±º ¬¸» ­¬¿½µ «­·²¹ ¬¸» º±´´±©·²¹ ­½¸»³¿æ
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Ì¸·­ ¼»½´¿®»­ ·¬»³­ ¬± ¾» ¿ ­»¯«»²½» ±º »´»³»²¬­ º®±³ ¬¸» ­»¬ Ñ¾¶»½¬ ­«½¸ ¬¸¿¬ ¬¸» ´»²¹¬¸
±º ·¬»³­ ¼±»­ ²±¬ »¨½»»¼ ³¿¨Í·¦»ò Ì¸» º±´´±©·²¹ ·²·¬·¿´·¦¿¬·±² ­½¸»³¿ Í¬¿½µ×²·¬ô ¹·ª»­ ¬¸»
initial conﬁguration of the system. Priming (ð÷ ±º ¿ ª¿®·¿¾´» ¼»²±¬»­ ¬¸» ¿º¬»® ­¬¿¬» ±º ¬¸¿¬
½±³°±²»²¬ò Ì¸«­ ·¬»³­ù ®»º»®­ ¬± ¬¸» ¿º¬»® ­¬¿¬» ±º ª¿®·¿¾´» ·¬»³­ò
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Ì¸» º±´´±©·²¹ ±°»®¿¬·±²ô Ì±°ô ®»¬«®²­ ¬¸» ¬±°³±­¬ ª¿´«» ±² ¬¸» ­¬¿½µ °®±ª·¼»¼ ·¬ ·­ ²±¬
»³°¬§ò Ì¸» Ì±° ±°»®¿¬·±² ¼±»­ ²±¬ ³±¼·º§ ¬¸» ­¬¿¬» ±º Í¬¿½µò
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We can further deﬁne the usual Ð±° ¿²¼ Ð«­¸ ±°»®¿¬·±² ±² ¬¸» ­¬¿½µ ©·¬¸ ±¾ª·±«­ º«²½ó
¬·±²¿´·¬§ ¿­ º±´´±©­æ
Ð±°
ÜÍ¬¿½µ
¨ÿ æ Ñ¾¶»½¬
·¬»³­ êã ¸·
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Ê¿®·±«­ ½±²ª»²¬·±²­ ¿®» «­»¼ ·² Æô º±® »¨¿³°´»ô ²¿³»­ »²¼·²¹ ·² á ¼»²±¬» ·²°«¬ô ¿²¼
²¿³»­ »²¼·²¹ ·² ÿ ¼»²±¬» ±«¬°«¬ ø¨á ¿²¼ ¨ÿ ¿®» ¬¸«­ ·²°«¬­ ¿²¼ ±«¬°«¬­ ±º ¬§°» Ñ¾¶»½¬ô
®»­°»½¬·ª»´§÷ò ÜÍ¬¿½µ ¼»²±¬»­ ¿ °±¬»²¬·¿´ ½¸¿²¹» ±º ­¬¿¬» º±® ½±³°±²»²¬­ ¼»½´¿®»¼ ·² Í¬¿½µô
¿²¼ ÈÍ¬¿½µ ¼»²±¬»­ ²± ½¸¿²¹» ·² ­¬¿¬» ·² ¿² ±°»®¿¬·±² ­½¸»³¿ò
Ú«®¬¸»® ·²º±®³¿¬·±² ¿¾±«¬ Æ ¿²¼ ¿°°´·½¿¬·±²­ ·­ ¹·ª»² ·² ÅÍ°·ª»§ ïçèèå ïççîÃò ×² Í»½¬·±²
4 we discuss methods for testing on the basis of a model-based speciﬁcation.
îòí Ú·²·¬» Í¬¿¬»óÞ¿­»¼ Ô¿²¹«¿¹»­
Ó±¼»´ó¾¿­»¼ ´¿²¹«¿¹»­ ­«½¸ ¿­ Æô ÊÜÓ ¿²¼ Þ ½¿² ¼»­½®·¾» ¿®¾·¬®¿®·´§ ¹»²»®¿´ ­§­¬»³­ô
and have potentially inﬁnite state. This generality has a drawback in that it makes reasoning
´»­­ ¿³»²¿¾´» ¬± ¿«¬±³¿¬·±²ò Ì¸·­ ¼®¿©¾¿½µ ·­ ²±¬ô ¸±©»ª»®ô °®»­»²¬ ·² ¬¸» ½¿­» ±º ﬁnite
­¬¿¬»ó¾¿­»¼ speciﬁcation languages.
As their name suggests, ﬁnite state-based languages deﬁne their state from a ﬁnite set of
ª¿´«»­ô ©¸·½¸ ¿®» ±º¬»² °®»­»²¬»¼ ¹®¿°¸·½¿´´§ ©·¬¸ ­¬¿¬» ¬®¿²­·¬·±²­ ®»°®»­»²¬·²¹ ½¸¿²¹»­ ±º
state akin to operations in a notation such as Z. Examples of such languages include ﬁnite
­¬¿¬» ³¿½¸·²»­ øÚÍÓ­÷ ÅÔ»» ¿²¼ Ç¿²²¿µ¿µ·­ ïççêÃô ÍÜÔ Å×ÌËóÌ ïçççÃô Í¬¿¬»½¸¿®¬­ ÅØ¿®»´
¿²¼ Ù»®§ ïççéÃ ¿²¼ Èó³¿½¸·²»­ ÅØ±´½±³¾» ¿²¼ ×°¿¬» ïççèÃò ÚÍÓ ¾¿­»¼ ¬»­¬ ¬»½¸²·¯«»­
have been considered when testing from such speciﬁcations. Much of the work on testing
­±º¬©¿®» º®±³ ¿² ÚÍÓ ¸¿­ ¾»»² ³±¬·ª¿¬»¼ ¾§ °®±¬±½±´ ½±²º±®³¿²½» ¬»­¬·²¹ô ­·²½» ÚÍÓ­
¿®» ­«·¬¿¾´» º±® ­°»½·º§·²¹ ¬¸» ½±²¬®±´ ­¬®«½¬«®» ±º ¿ ½±³³«²·½¿¬·±²­ °®±¬±½±´ò Ø±©»ª»®ô
³±®» ®»½»²¬´§ô ÚÍÓ ¾¿­»¼ ¬»­¬·²¹ ¸¿­ ¾»»² «­»¼ ©·¬¸·² ¿² ¿°°®±¿½¸ ½¿´´»¼ ³±¼»´ó¾¿­»¼
¬»­¬·²¹ ·² ©¸·½¸ ¿ ³±¼»´ ·­ °®±¼«½»¼ ·² ±®¼»® ¬± ¼®·ª» ¬»­¬·²¹ ø­»»ô º±® »¨¿³°´»ô ÅÚ¿®½¸·
»¬ ¿´ò îððîå Ù®·»­µ¿³° »¬ ¿´ò îððîÃ÷ò Ò±¬» ¬¸¿¬ ¬¸» ¬»®³ À³±¼»´ó¾¿­»¼ù ·­ «­»¼ ®¿¬¸»®
differently in model-based testing and model-based speciﬁcation languages.
ß² ÚÍÓ can be formally deﬁned as Ú ã øÍåÈåÇå¸å­ðåÜÚ÷ ©¸»®»
Í ·­ ¿ ­»¬ ±º ² ­¬¿¬»­ ©·¬¸ ­ð ¿­ ¬¸» ·²·¬·¿´ ­¬¿¬»å
È is a ﬁnite set of input symbols;
Ç is a ﬁnite set of output symbols;
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ÜÚ k Í}È is the speciﬁcation domain; and
¸ æ ÜÚ ÿ Ð øÍ}Ç÷² ñð ·­ ¿ ¾»¸¿ª·±«® º«²½¬·±²ô ©¸»®» Ð øÍ}Ç÷ ·­ ¬¸» °±©»®­»¬ ±º Í}Çæ
Ú±® ø­å¿÷ î ÜÚ ¿²¼ ø¬å¾÷ î ¸ø­å¿÷å ° ã ø­å¿ã¾å ¬÷ ©·´´ ¾» ½¿´´»¼ ¿ ¬®¿²­·¬·±² º®±³ ­
¬± ¬ ©·¬¸ ·²°«¬ ¿ ¿²¼ ±«¬°«¬ ¾ò ß ³¿½¸·²» Ú ·­ ­¿·¼ ¬± ¾» ¿ ¼»¬»®³·²·­¬·½ øÚÍÓ÷ ©¸»²
¶ ¸ø­å¿÷ ¶ã ïô º±® ¿´´ ø­å¿÷ î ÜÚ ò ×² ¿ ¼»¬»®³·²·­¬·½ ÚÍÓ øÜÚÍÓ÷ ·²­¬»¿¼ ±º ¬¸» º«²½¬·±²
¸ ©» «­» ¬¸» ²»¨¬ ­¬¿¬» º«²½¬·±² ¼ ¿²¼ ¬¸» ±«¬°«¬ º«²½¬·±² ´ ø¼ø­å¿÷ ã ¬ô ´ø­å¿÷ ã ¾ô º±®
¬®¿²­·¬·±² °÷ò ß² ÚÍÓ ·­ ­¿·¼ ¬± ¾» completely speciﬁed ·º ÜÚ ã Í}Èò
Ù·ª»² ¿² ÚÍÓ Ú ¬¸»®» ·­ ¿ ½±®®»­°±²¼·²¹ ´¿²¹«¿¹» ÔøÚ÷æ ¬¸» ­»¬ ±º ·²°«¬ñ±«¬°«¬ ­»ó
¯«»²½»­ ¬¸¿¬ ½¿² ±½½«® º®±³ ¬¸» ·²·¬·¿´ ­¬¿¬» ±º Úò Ù·ª»² ÜÚÍÓ­ Úï ¿²¼ Úî ·¬ ·­ ²±®³¿´ ¬±
­¿§ ¬¸¿¬ Úï ½±²º±®³­ ¬± Úî ø±® ·­ ¿ ®»¼«½¬·±² ±º Úî÷ ·º ¿²¼ ±²´§ ·º Úï ¿²¼ Úî ¸¿ª» ¬¸» ­¿³»
·²°«¬ ¿´°¸¿¾»¬­ô Úï is deﬁned whenever Úî is deﬁned, and ÔøÚï÷k ÔøÚî÷ò
ß² ÚÍÓ ®»°®»­»²¬¿¬·±² ±º ¿ ¾±«²¼»¼ ­¬¿½µ ©±«´¼ ¾» ¹·ª»² ¿­ ­¸±©² ·² Ú·¹«®» ïò Ø»®»
¬¸»®» ¿®» ¬¸®»» ­¬¿¬»­ ®»°®»­»²¬·²¹ ¬¸» ½±²¼·¬·±²­æ ¬¸» ­¬¿½µ ·­ »³°¬§å ¬¸» ­¬¿½µ ·­ º«´´å ¿²¼
¬¸» ­¬¿½µ ·­ ²±¬ »³°¬§ ¿²¼ ·­ ²±¬ º«´´ò Ò±¬» ¬¸¿¬ ¬®¿²­·¬·±²­ ¿­­±½·¿¬»¼ ©·¬¸ ¬±° ¸¿ª» ²±¬ ¾»»²
·²½´«¼»¼ ­·²½» ¬¸»­» ¼± ²±¬ ¿´¬»® ¬¸» ­¬¿¬»ò Ú«®¬¸»®ô ·² ¬¸·­ ¼·¿¹®¿³ ¬¸» ÚÍÓ ·­ ½±³°´»¬»
¿²¼ ¬¸«­ ¬¸» ¿½¬·±² ±º °±° ±² ¬¸» »³°¬§ ­¬¿½µ ¿²¼ °«­¸ ±² ¿ º«´´ ­¬¿½µ ¿®» ­¬¿¬»¼ò
Ì¸» ÚÍÓ ¿­ ­¸±©² ·­ ²±²ó¼»¬»®³·²·­¬·½ ­·²½»ô ©¸»² ¬¸» ­¬¿½µ ·­ ²±¬ º«´´ ¿²¼ ·­ ²±¬
»³°¬§ô ¬¸» ¿½¬·±²­ °±° ¿²¼ °«­¸ ³¿§ ´»¿ª» ¬¸» ­¬¿½µ ·² ¬¸·­ ­¬¿¬» ±® ³±ª» ·¬ ¬± ¿ ¼·ºº»®»²¬
­¬¿¬»ò Ú±® »¨¿³°´»ô ·º ¬¸» ­¬¿½µ ½±²¬¿·²­ ±²» »´»³»²¬ ¬¸»² °±° ³±ª»­ ·¬ ¬± ¬¸» ­¬¿¬» Û³°¬§
¿²¼ ±¬¸»®©·­» °±° ¼±»­ ²±¬ ½¸¿²¹» ¬¸» ­¬¿¬»ò ×º ¬¸» ­·¦» ±º ¬¸» ­¬¿½µ ·­ µ²±©²ô ·¬ ·­ °±­­·¾´»
¬± °®±¼«½» ¿ ¼»¬»®³·²·­¬·½ ÚÍÓ ¬¸¿¬ ®»°®»­»²¬­ ¬¸» ­¬¿½µò Ø»®»ô ·º ¬¸» ­¬¿½µ ­·¦» ·­ ²ô ¬¸»®»
©±«´¼ ¾» ±²» ­¬¿¬» º±® »¿½¸ ði ·i ²ô ¬¸» ­¬¿¬» ¿­­±½·¿¬»¼ ©·¬¸ · ®»°®»­»²¬·²¹ ¬¸» ½±²¼·¬·±²
·² ©¸·½¸ ¬¸» ­¬¿½µ ½±²¬¿·²­ · »´»³»²¬­ò
Many speciﬁcation languages such as Statecharts, SDL, and X-machines that have a ﬁ-
²·¬» ­¬¿¬» ­¬®«½¬«®» ¸¿ª» ¿¼¼·¬·±²¿´ ·²¬»®²¿´ ¼¿¬¿ò Ì®¿²­·¬·±²­ ®»°®»­»²¬ ±°»®¿¬·±²­ ¬¸¿¬ ½¿²
¿½½»­­ ¬¸·­ ¼¿¬¿ô ½¸¿²¹» ¬¸·­ ¼¿¬¿ô ¿²¼ ¸¿ª» ¹«¿®¼­ ¬¸¿¬ ½¿² ®»º»® ¬± ¬¸·­ ¼¿¬¿ò Í«½¸ ¿ ­°»½ó
iﬁcation is an extended ﬁnite state machine (EFSM)ò ×º ¬¸» ¼¿¬¿ ½±²­·­¬­ ±º ª¿®·¿¾´»­ ©·¬¸
ﬁnite types then an EFSM can be expanded out to form an FSM, although a combinatorial
explosion can occur. Even if the types are not ﬁnite we describe such speciﬁcations as
being ﬁnite state-based since they have a ﬁnite logical state structure.
É¸·´­¬ ¬»½¸²·¯«»­ ­«½¸ ¿­ Æô ÊÜÓ ¿²¼ Þ ¿®» °®·³¿®·´§ ¬¿®¹»¬»¼ ¬±©¿®¼­ ¬¸» ¼»­½®·°¬·±²
±º ­»¯«»²¬·¿´ ­§­¬»³­ô ²±¬¿¬·±²­ ­«½¸ ¿­ ÍÜÔô Í¬¿¬»½¸¿®¬­ ¿²¼ Èó³¿½¸·²»­ ¿´´±© »¨°´·½·¬
representation of concurrent activity. Speciﬁcations in these languages can often be seen
¿­ ±²» ±® ³±®» ÛÚÍÓ­ ¬¸¿¬ ³¿§ ½±³³«²·½¿¬»ò ×² Í»½¬·±² ë ©» ¼·­½«­­ ³»¬¸±¼­ º±® ¬»­¬·²¹
on the basis of a ﬁnite state-based speciﬁcation.
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
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Ý±²½«®®»²½§ ½¿² ¾» ¹·ª»² ¿ ª»®§ »´»¹¿²¬ ¿´¹»¾®¿·½ ¬®»¿¬³»²¬ô ¿²¼ °®±½»­­ ¿´¹»¾®¿­ ¼»­½®·¾»
¿ ­§­¬»³ ¿­ ¿ ²«³¾»® ±º ½±³³«²·½¿¬·²¹ ½±²½«®®»²¬ °®±½»­­»­ò Û¨¿³°´»­ ·²½´«¼» ÝÍÐ
ÅØ±¿®» ïçèëÃô ÝÝÍ ÅÓ·´²»® ïçèçÃ ¿²¼ ÔÑÌÑÍ Å×ÍÑ ïçèç¿Ãò
Ú·²·¬»ó­¬¿¬» ¾¿­»¼ ´¿²¹«¿¹»­ ­«½¸ ¿­ Í¬¿¬»½¸¿®¬­ ¿²¼ ÍÜÔ ½¿² ¿´­± ¾» «­»¼ ¬± ¼»­½®·¾» ¿
­§­¬»³ ¿­ ¿ ­»¬ ±º ½±³³«²·½¿¬·²¹ ½±²½«®®»²¬ °®±½»­­»­ò Ø±©»ª»®ô °®±½»­­ ¿´¹»¾®¿­ ¸¿ª»
¿ ®·½¸ ¬¸»±®§ ¬¸¿¬ °®±ª·¼»­ ¿´¬»®²¿¬·ª» ²±¬·±²­ ±º ½±²º±®³¿²½» ¼»­½®·¾»¼ ·² ¬»®³­ ±º ·³ó
°´»³»²¬¿¬·±² ®»´¿¬·±²­ò Ì¸» ·³°´»³»²¬¿¬·±² ®»´¿¬·±²­ ½¿°¬«®» ­»ª»®¿´ ¬§°»­ ±º ±¾­»®ª¿¬·±²­
¬¸¿¬ ½¿² ¾» ³¿¼»ô ·² ¿¼¼·¬·±² ¬± ¬®¿½»­ ø­»¯«»²½»­ ±º ·²°«¬­ ¿²¼ ±«¬°«¬­÷ô ¿²¼ ¼·ºº»®»²¬
°®±°»®¬·»­ ±º ¬¸» »²ª·®±²³»²¬ò
ÝÍÐô º±® »¨¿³°´»ô ¼»­½®·¾»­ ¿ ­§­¬»³ ¿­ ¿ ½±´´»½¬·±² ±º ½±³³«²·½¿¬·²¹ °®±½»­­»­ ®«²ó
²·²¹ ½±²½«®®»²¬´§ ¿²¼ ­§²½¸®±²·¦·²¹ ±² »ª»²¬­ò
A CSP deﬁnition of a stack might be given as follows:
Í¬¿½µø¸·÷ ã °«­¸á¨ æ È ÿ Í¬¿½µø¸¨·÷
Í¬¿½µø¸§·¿ ­÷ ã °«­¸á¨ æ È ÿ Í¬¿½µø¸¨·¿ ¸§·¿ ­÷
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°±°ÿ§ ÿ Í¬¿½µø­÷
Ø»®» ¿ °¿®¿³»¬»®·¦»¼ °®±½»­­ ·­ ¼»­½®·¾»¼ ¾§ ¹«¿®¼»¼ »¯«¿¬·±²­ò Ý¸¿²²»´­ ­«½¸ ¿­ °«­¸
¿²¼ °±° ½¿² ¸¿ª» ·²°«¬ô á¨ æ Èô ±® ±«¬°«¬ô ÿ§ô ¿­­±½·¿¬»¼ ©·¬¸ ¬¸»³ò Ì¸»­» »ª»²¬­ ½¿²
preﬁx behaviour (denoted using ÿ÷ô ¿´´±©·²¹ ¬¸» ­»¯«»²½·²¹ ±º »ª»²¬­ ¬± ¾» °®»­½®·¾»¼ò
Ý¸±·½» ·­ ³±¼»´´»¼ ¸»®» ¾§ ¬¸» ±°»®¿¬±® |ô ¿²¼ ·³°±®¬¿²¬´§ ¬¸»®» ¿®» ±°»®¿¬±®­ ¬± »¨°®»­­
½±²½«®®»²¬ ¿²¼ ½±³³«²·½¿¬·²¹ ¾»¸¿ª·±«®ò Ò±¬» ¬¸¿¬ ¬¸·­ ­¬¿½µ »¨¿³°´» ·­ ­·³·´¿® ¬± ±²»
that can be written in a ﬁnite state-based language. An example given below brings out the
differences between process algebras and ﬁnite state-based languages.
×²¬»®´»¿ª·²¹ ·­ ¬¸» ½±²½«®®»²¬ »¨»½«¬·±² ±º ¬©± °®±½»­­»­ ©¸»®» ²± ­§²½¸®±²·¦¿¬·±² ·­
®»¯«·®»¼ ¾»¬©»»² ¬¸» ½±³°±²»²¬­ò ×¬ ·­ ¼»­½®·¾»¼ ¾§ ¬¸» °®±½»­­
Ðï ¶¶¶ Ðî
·² ©¸·½¸ °®±½»­­»­ Ðï ¿²¼ Ðî »¨»½«¬» ½±³°´»¬»´§ ·²¼»°»²¼»²¬´§ ±º »¿½¸ ±¬¸»® ø¿²¼ ¼± ²±¬
­§²½¸®±²·¦» »ª»² ±² »ª»²¬­ ·² ½±³³±²÷ò
ÝÍÐ ¿´­± ¸¿­ ¿ ²«³¾»® ±º ±°»®¿¬±®­ ¬± ¼»­½®·¾» °¿®¿´´»´ ½±³°±­·¬·±² ©¸·½¸ ¿´´±© °®±ó
½»­­»­ ¬± ­»´»½¬·ª»´§ ­§²½¸®±²·¦» ±² »ª»²¬­ò Ú±® »¨¿³°´»ô ¬¸» ·²¬»®º¿½» °¿®¿´´»´ ±°»®¿¬±®
­§²½¸®±²·¦»­ ±² »ª»²¬­ ·² ¿ ¹·ª»² ­»¬ ß ¾«¬ ¿´´ ±¬¸»® »ª»²¬­ ¿®» ·²¬»®´»¿ª»¼ò Ì¸·­ ¿´´±©­ Ðï
¿²¼ Ðî ¬± »ª±´ª» ­»°¿®¿¬»´§ô ©¸·´­¬ »ª»²¬­ ·² ß ¿®» »²¿¾´»¼ ±²´§ ©¸»² ¬¸»§ ¿®» »²¿¾´»¼ ·²
¾±¬¸ Ðï ¿²¼ Ðîò
ß ´¿¾»´´»¼ ¬®¿²­·¬·±² ­§­¬»³ øÔÌÍ÷ may be used to describe the behaviour of a speciﬁ-
cation written in a process algebra and thus work on testing from such speciﬁcations has
º±½«­»¼ ±² ¬»­¬·²¹ º®±³ ÔÌÍ­ò ×²¬«·¬·ª»´§ ¿² ÔÌÍ ½¿² ¾» ¬¸±«¹¸¬ ±º ¿­ ¿ ®»°®»­»²¬¿¬·±² ±º
the behaviour of a system deﬁned by the occurrence of events which change the state of the
­§­¬»³ò ×²º±®³¿´´§ ï ¬¸»§ ¿®» ¾»­¬ ®»°®»­»²¬»¼ ¿­ ¬®»»­ ±® ¹®¿°¸­ô ©¸»®» ²±¼»­ ®»°®»­»²¬
­¬¿¬»­ ¿²¼ »¼¹»­ ´¿¾»´´»¼ ©·¬¸ »ª»²¬­ ®»°®»­»²¬ ¬®¿²­·¬·±²­ò Í»»ô º±® »¨¿³°´»ô Ú·¹«®» î ¬¸¿¬
¼»­½®·¾»­ ¿² »¨¿³°´» º®±³ ÅÌ®»¬³¿²­ ïççêÃò Ø»®»ô ¬¸»®» ·­ ±²» ·²·¬·¿´ ¿½¬·±²ô ­¸·´ô ©¸·½¸
®»°®»­»²¬­ ¬¸» ·²°«¬ ±º ¿ ­¸·´´·²¹ò Ø¿ª·²¹ ®»½»·ª»¼ ¬¸» ·²°«¬ ±º ¿ ­¸·´´·²¹ô ¬¸» ­§­¬»³ ³¿§
ïA formal deﬁnition of an LTS is given in, for example, [Tretmans 1996].
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of these are described in Section 6. They reﬂect different forms of communication and
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In Section 7 we discuss methods for testing on the basis of a hybrid speciﬁcation.
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its desired properties. Examples of algebraic speciﬁcation languages include OBJ [Goguen
and Tardo 1979; Goguen and Malcolm 2000] and the Common Algebraic Speciﬁcation
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of which may be qualiﬁed by a condition.
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observer operation. The speciﬁcation, as written, possesses no transformer operations.
One important argument in favour of the algebraic approach to speciﬁcation is that the
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particularly useful, as far as testing is concerned, since algebraic speciﬁcations can then, in
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greater potential, since it enables interesting properties of such speciﬁcations to be proved
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It should be noted that there are many different algebraic speciﬁcation notations, each
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tax of operations is speciﬁed by means of their signatures and the behaviour of operations
in combination with each other is speciﬁed by means of equations, are generic. In Section
8 we discuss methods for testing on the basis of an algebraic speciﬁcation.
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that both are model-based. The question naturally arises, what beneﬁt can be accrued from
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beneﬁts might there be in using the mathematical basis of formal methods in the domain
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Generating functional test cases from the speciﬁcation of a system.
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Figure 5 portrays, in the form of the V-model, the limited beneﬁts that can be accrued
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higher layers, the speciﬁcation and design. Now, in addition to code-based testing, the
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This allows us to determine whether we have covered the speciﬁcation as well as the
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System level functional test cases can be generated from the speciﬁcation.
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tions. As discussed earlier, this is complicated if the types used in the speciﬁcation and
implementation are different, since we then need a user deﬁned abstraction function.
The design, and in turn the code, can be veriﬁed against the speciﬁcation.
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The above processes that apply to the formal speciﬁcation apply equally to other formal-
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things about the adequacy of ﬁnite test sets, and how their selection can be justiﬁed.
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the speciﬁcation on a given test set, it has been argued that it can tell us more than this.
Ù±±¼»²±«¹¸ ¿²¼ Ù»®¸¿®¬ º±®³¿´·¦»¼ ¬¸·­ ·²¬«·¬·±² ¬¸®±«¹¸ ¬¸» ²±¬·±²­ ±º ¿ ¬»­¬ ¬»½¸²·¯«»
¾»·²¹ ª¿´·¼ ¿²¼ ®»´·¿¾´» ÅÙ±±¼»²±«¹¸ ¿²¼ Ù»®¸¿®¬ ïçéëÃò ß ¬»­¬ ¬»½¸²·¯«» ·­ ª¿´·¼ ·º º±®
»ª»®§ º¿«´¬§ °®±¹®¿³ ¬¸» ¬»­¬ ¬»½¸²·¯«» ·­ ½¿°¿¾´» ±º °®±¼«½·²¹ ¿ ¬»­¬ ­»¬ ¬¸¿¬ ­¸±©­ ¬¸¿¬
¬¸» °®±¹®¿³ ·­ º¿«´¬§ò ß ¬»­¬ ¬»½¸²·¯«» ·­ ®»´·¿¾´» ·º »ª»®§ ¬»­¬ ­»¬ ¬¸¿¬ ½¿² ¾» °®±¼«½»¼
«­·²¹ ¬¸» ¬»½¸²·¯«» ´»¿¼­ ¬± ¬¸» ­¿³» ª»®¼·½¬ ø¿² ·³°´»³»²¬¿¬·±² »·¬¸»® °¿­­»­ ¿´´ ±º ¬¸»
¬»­¬ ­»¬­ ±® º¿·´­ ¿´´ ±º ¬¸» ¬»­¬ ­»¬­÷ò ×º ¿ ¬»­¬ ¬»½¸²·¯«» ·­ ¾±¬¸ ª¿´·¼ ¿²¼ ®»´·¿¾´» ¬¸»² ¿²§
¬»­¬ ­»¬ °®±¼«½»¼ «­·²¹ ¬¸·­ ¬»½¸²·¯«» ©·´´ ¼»¬»®³·²» ©¸»¬¸»® ¿² ·³°´»³»²¬¿¬·±² ·­ ½±®®»½¬ò
Ø±©»ª»®ô ·¬ ¸¿­ ¾»»² ±¾­»®ª»¼ ¬¸¿¬ ¬¸»­» °®±°»®¬·»­ ¿®» ²±¬ ·²¼»°»²¼»²¬æ ·º ¿ ¬»­¬ ¬»½¸²·¯«»
º¿·´­ ¬± ¸¿ª» ±²» ±º ¬¸»­» °®±°»®¬·»­ ·¬ ³«­¬ ¸¿ª» ¬¸» ±¬¸»® ÅÉ»§«µ»® ¿²¼ Ñ­¬®¿²¼ ïçèðÃò
É»§«µ»® ¿²¼ Ñ­¬®¿²¼ ·²¬®±¼«½»¼ ¿² ¿´¬»®²¿¬·ª» ²±¬·±²ô ¬¸¿¬ ±º ¿ ®»ª»¿´·²¹ ­«¾¼±³¿·²
ÅÉ»§«µ»® ¿²¼ Ñ­¬®¿²¼ ïçèðÃò ß ­«¾¼±³¿·² Ü· ø±º ¬¸» ·²°«¬ ¼±³¿·²÷ ·­ ®»ª»¿´·²¹ ·º »·¬¸»®
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tion conforms to the speciﬁcation on none of the values in Ü·ò Ù·ª»² ¿ ®»ª»¿´·²¹ ­«¾¼±³¿·²
it is sufﬁcient to choose only one test case from this subdomain. If one can divide the input
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domain into a ﬁnite number of revealing subdomains then by taking one test case from
each subdomain one gets a ﬁnite test set that is guaranteed to determine correctness: the
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case from each of a ﬁnite set of subdomains is a sampling technique while symbolic eval-
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diagram where no proof is carried out, but an inﬁnite amount of testing is necessary; the
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fact under test that support the selection of smaller, eventually ﬁnite, test sets. Most test
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ably several other types of test selection hypothesis, Gaudel [Gaudel 1995] identiﬁes two
types. The ﬁrst example hypothesis above, for instance, is typiﬁed as a «²·º±®³·¬§ ¸§°±¬¸»ó
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The members of another class of hypotheses identiﬁed by Gaudel are known as ®»¹«´¿®ó
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Tony Hoare who ﬁrst pointed out that a test is like proving the base case of an inductive
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variant: at the extremes, inﬁnite testing and complete proof of correctness are usually both
infeasible; in the middle, there may be a ﬁnite amount of testing to be done, but it seems
likely that complete proof of the assumptions that support the selection of a ﬁnite test set
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our conﬁdence in correctness, but never demonstrate it absolutely. Note that the idea of a
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Because it is a relation rather than a function, a speciﬁcation may deﬁne several possible
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Fig. 8. Program correctness with respect to a speciﬁcation
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that such a speciﬁcation context does exist, and this assumption is referred to as ØÓ×Ò ô ¬¸»
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is required to be deﬁned where the speciﬁcation is deﬁned. So all abstract input values
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respect to the speciﬁcation. Of course, some behaviours of Ð ³¿§ ¾» ±«¬­·¼» ¬¸» ­½±°» ±º
the speciﬁcation, in which case any behaviour is acceptable:
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inﬁnite set, and checking each result. This exhaustive test set is called ÌÓßÈ ¿²¼ ³«­¬
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The framework serves to emphasize the importance of deﬁning, for every selected test
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Gaudel deﬁnes two kinds of selection hypothesis:
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the positive integer square root of an integer. Its speciﬁcation S requires a single integer
parameter, and speciﬁes the result as the highest integer whose square is less than or equal
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The belief that it is sufﬁcient to test a single point of data from the class ïææ³¿¨·²¬ï
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A uniformity hypothesis may be used to select only a ﬁnite number of data values to
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Some other kind of hypothesis may be used to reﬂect that the program is expected to
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down the test selection spectrum by means of a form of reﬁnement. Consider two hypoth-
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The simplest way of viewing this is that the reﬁned test set is smaller, Ìï k Ìîô ¾«¬
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velopment, in which the inﬁnite set of tests is gradually reﬁned into a workable set, while
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It turns out that these test selection hypotheses are difﬁcult to discharge. However, a
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Model-based formal speciﬁcation languages, such as the Z notation, the B-method, and
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will use the speciﬁcation of a bounded stack given there.
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Test selection criteria based on model-based speciﬁcations have been considered in the lit-
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domain. Most test generation techniques for model-based speciﬁcations are based on the
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
~ ïç
°®·²½·°´» ±º °¿®¬·¬·±²·²¹ ¬¸» ·²°«¬ ¼±³¿·² ·²¬± »¯«·ª¿´»²½» ½´¿­­»­ ±² ¬¸» ¾¿­·­ ±º ¬¸» ­°»½ó
iﬁcation [Amla and Ammann 1992; Dick and Faivre 1993; Hall 1988; Hierons 1997b].
Ì¸»­» »¯«·ª¿´»²½» ½´¿­­»­ ¿®» ­«¾¼±³¿·²­ ±º ¬¸» ·²°«¬ ­°¿½» «°±² ©¸·½¸ ·¬ ·­ ¿­­«³»¼ ¬¸¿¬
¬¸» ¾»¸¿ª·±«® ±º ¬¸» ÍËÌ ·­ «²·º±®³ ¿²¼ ¬¸«­ ¬¸» ¬»½¸²·¯«»­ ®»´¿¬» ¬± Ù¿«¼»´ù­ «²·º±®³·¬§
¸§°±¬¸»­·­ò ß ­³¿´´ ­¿³°´» ±º ¼¿¬¿ ·­ ¬¸»² ­»´»½¬»¼ º®±³ »¿½¸ ½´¿­­æ ·º ¬¸» «²·º±®³·¬§
hypothesis holds then it is sufﬁcient to choose one datum in each class.
Hall [Hall 1988] gives an approach for testing from a Z speciﬁcation by classifying the
¬»­¬ ¼±³¿·²­ò Ì¸» ·¼»¿ ·­ ¾¿­»¼ ±² ½±²­·¼»®·²¹ ª¿®·±«­ ½±³¾·²¿¬·±²­ ¿º¬»® °¿®¬·¬·±²·²¹ ±º
¬¸» ·²°«¬ ¿²¼ ±«¬°«¬ ­»¬­ ø¼±³¿·²­÷ ¿²¼ ­¬¿¬»­ ·²¬± ­«¾­»¬­ ø­«¾¼±³¿·²­÷ô ©¸·½¸ ¬§°·½¿´´§
appear in the declaration part of a speciﬁcation, and conditions contained in the predicates
of the speciﬁcation. This approach is structured, but less rigorous as simple partitions of
¬¸» ·²°«¬ ­°¿½» ¿®» ½±²­¬®«½¬»¼ ¾§ »¨¿³·²·²¹ ¬¸» ±¾ª·±«­ ¼·ª·­·±²­ ±º ¬¸» ·²°«¬­ò
Ü·½µ ¿²¼ Ú¿·ª®» ÅÜ·½µ ¿²¼ Ú¿·ª®» ïççíÃ ¼»³±²­¬®¿¬» ¬¸¿¬ô ¾§ ®»©®·¬·²¹ ¬¸» °®»½±²¼·¬·±²
and postcondition of a VDM speciﬁcation to Disjunctive Normal Form (DNF), much of
¬¸» °¿®¬·¬·±²·²¹ °®±½»­­ ½¿² ¾» ¿«¬±³¿¬»¼ò Ì¸»§ ¿´­± ¼»­½®·¾» ¿ ¬»½¸²·¯«» º±® »¨¬®¿½¬·²¹
a ﬁnite automaton (FA) from the speciﬁcation; the FA can be used to drive test execution.
Ì¸» º±«® ­¬»°­ ·² °¿®¬·¬·±² ¿²¿´§­·­ ¿®»æ
Extraction of deﬁnitions by collecting all parts (precondition, postcondition, invariants);
Unfolding of all deﬁnitions (in case of recursive deﬁnitions the unfolding is limited to
some predeﬁned limited number);
Transformation of the deﬁnition to DNF to get the disjoint sub-domains; and
Further simpliﬁcation of each sub-domain.
Ý±²­·¼»® º±® »¨¿³°´» ¬¸» Ð±° ±°»®¿¬·±² ±² ¬¸» Í¬¿½µ øÍ»½¬·±² î÷ò ß°°´§·²¹ ¬¸» ­¬»°­ ±º
°¿®¬·¬·±² ¿²¿´§­·­ ©±«´¼ §·»´¼ ¬¸» º±´´±©·²¹ °®»¼·½¿¬» ©¸·½¸ ¼»­½®·¾»­ ¿ ­·²¹´» ¬»­¬ ¼±³¿·²æ
ç ·¬»³­å ·¬»³­ð æ ­»¯Ñ¾¶»½¬å ¨ÿ æ Ñ¾¶»½¬ n
ý·¬»³­i ³¿¨Í·¦» Â ·¬»³­ êã ¸· Â ¨ÿ ã ¸»¿¼ ·¬»³­ Â ·¬»³­ð ã ¬¿·´ ·¬»³­ øï÷
Ì¸» ¿°°®±¿½¸ ±º Øx±®½¸»® ÅØx±®½¸»® ¿²¼ Ð»´»­µ¿ ïççëÃ ¿°°´·»­ ¬± ¬¸» ­»´»½¬·±² ±º ¬»­¬
½¿­»­ ¿²¼ ¬¸» »ª¿´«¿¬·±² ±º ¬»­¬ ®»­«´¬­ò Ú±® ¬»­¬ ½¿­» ­»´»½¬·±²ô »¿½¸ ±°»®¿¬·±² ·­ ¼»½±³ó
posed into a collection of sub-cases deﬁning a set of equivalence classes. With this end in
³·²¼ô ¬¸» ±°»®¿¬·±²ù­ °®»¼·½¿¬» °¿®¬ ·­ ¬®¿²­º±®³»¼ ·²¬± ÜÒÚò Û¿½¸ Æ ­½¸»³¿ ¼»­½®·¾»­ ¿²
·²¼·ª·¼«¿´ ¬»­¬ ½´¿­­ò Ì¸·­ ¿°°®±¿½¸ ·­ ­·³·´¿® ¬± ¬¸¿¬ ¼»­½®·¾»¼ ¾§ Ü·½µ ¿²¼ Ú¿·ª®» ÅÜ·½µ
and Faivre 1993] for VDM speciﬁcations.
ß³´¿ ¿²¼ ß³³¿²² Åß³´¿ ¿²¼ ß³³¿²² ïççîÃ ¿°°´·»¼ ¬¸» ½¿¬»¹±®§ó°¿®¬·¬·±² ³»¬¸±¼
[Ostrand and Balcer 1988] to Z speciﬁcations. The formal test speciﬁcations, in [Amla and
Ammann 1992], are written in a language called TSL (Test Speciﬁcation Language). A
TSL speciﬁcation is divided into parameter, environment variable, and result sections. The
ÌÍÔ ¹»²»®¿¬±® °®±¼«½»­ ¬»­¬ ½¿­»­ ¾¿­»¼ ±² ¬¸» ½±³¾·²¿¬·±²­ ±º ·²°«¬ ¿²¼ »²ª·®±²³»²¬
conditions speciﬁed in the result sections. Each speciﬁed combination of choices results
·² ¿ ¬»­¬ º®¿³»ò ß³³¿²² ¿²¼ Ñºº«¬¬ Åß³³¿²² ¿²¼ Ñºº«¬¬ ïççìÃ °®±ª·¼» ¿ ³»¬¸±¼ º±®
­°»½·º§·²¹ ¬¸» ½±³¾·²¿¬·±²­ ±º ½¸±·½»­ ¬± ¾» ¬»­¬»¼æ ¬¸» ¬»­¬»® ½¿² ¬¸»² °®±¼«½» ¬»­¬ ½¿­»­
¾§ ø°±¬»²¬·¿´´§ ¿«¬±³¿¬·½¿´´§÷ ¹»²»®¿¬·²¹ ¿½¬«¿´ ¼¿¬¿ ª¿´«»­ º±® »¿½¸ ½¸±·½»ò
Ì¸» ½±³¾·²¿¬·±² ±º ½¿¬»¹±®§ °¿®¬·¬·±² ¬»­¬·²¹ ©·¬¸ ¬¸» ÜÒÚ ¿°°®±¿½¸ ÅÜ·½µ ¿²¼ Ú¿·ª®»
ïççíÃ ¸¿­ ¾»»² «­»¼ º±® ¹»²»®¿¬·²¹ ¬»­¬ ½¿­»­ ·² ÅÍ·²¹¸ »¬ ¿´ò ïççéÃò Ì¸·­ ·­ ¼±²» ·² ¬©±
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
îð ~
steps. In the ﬁrst step, a classiﬁcation-tree describing high-level test cases is constructed
from the formal speciﬁcation of the test object. The second step involves further reﬁnement
±º ¸·¹¸ó´»ª»´ ¬»­¬ ½¿­»­ ¾§ ¹»²»®¿¬·²¹ ¿ ÜÒÚ º±® ¬¸»³ò
Ü±³¿·² °®±°¿¹¿¬·±² ÅÝ¿®®·²¹¬±² ¿²¼ Í¬±½µ­ ïççìÃ ·­ ¿ °¿®¬·¬·±² ¿²¿´§­·­ ­¬®¿¬»¹§ ¼»ó
ª·­»¼ ·² ½±²¶«²½¬·±² ©·¬¸ ¬¸» ¼»ª»´±°³»²¬ ±º ¬¸» Ì»­¬ Ì»³°´¿¬» Ú®¿³»©±®µ ø½ºò Í»½¬·±²
ìòîòî÷ò Ì¸» ¼±³¿·² °®±°¿¹¿¬·±² ­¬®¿¬»¹§ «­»­ ¿ ´·¾®¿®§ ±º ·²°«¬ ¼±³¿·²­ º±® »¿½¸ ±°»®¿¬±®ò
Ú±® »¨¿³°´»ô º±® ¾·²¿®§ ­»¬ ±°»®¿¬·±²­ ´·µ» ßÅÞ ±® ßÄÞô ¬¸» ­«¹¹»­¬»¼ ·²°«¬ ¼±³¿·²­
·²½´«¼» ¬¸» ½±³¾·²¿¬·±²­ ±º °±­­·¾·´·¬·»­ º±® ­»¬­ ß ¿²¼ Þ ©¸»®» »·¬¸»® ±º ¬¸»³ ·­ »³°¬§ô
±²» ·­ ¿ ­«¾­»¬ ±º ¬¸» ±¬¸»®ô ¬¸»§ ¿®» ¶±·²¬ ¿²¼ ¼·­¶±·²¬ò ×² ¬¸» Ð«­¸ ±°»®¿¬·±² ­½¸»³¿ô
º±® ¬¸» ­»¯«»²½» ½±²½¿¬»²¿¬·±² ±°»®¿¬±®ô ¬¸» ¬©± ½¿­»­ô ·¬»³­ ã ¸· ¿²¼ ·¬»³­ êã ¸·ô ©·´´ ¾»
½±²­·¼»®»¼ò
Ì± ¿°°´§ ¼±³¿·² °®±°¿¹¿¬·±² ¬± ¿² ±°»®¿¬±®ô ¬¸» ¼·­¶«²½¬·±² ±º ·¬­ ·²°«¬ ¼±³¿·²­ ·­
½±²¶±·²»¼ ¬± ¬¸» °®»¼·½¿¬» ½±²¬¿·²·²¹ ¬¸» ±°»®¿¬±®ò Ì¸»² ¬¸» ©¸±´» ­½¸»³¿ ·­ ¬®¿²­º±®³»¼
¬± ÜÒÚô ¿²¼ ¬¸» º¿´­» ¾®¿²½¸»­ ¿®» ®»³±ª»¼ò Ì¸» »ºº»½¬ ·­ ¬± °®±°¿¹¿¬» ¬¸» ·²¬»®»­¬·²¹
­«¾ó¼±³¿·²­ ±º ¿² ±°»®¿¬±® «° ¬± ¬¸» ¬±° ´»ª»´ ±º ¬¸» ±°»®¿¬·±²ò
×² ¿¼¼·¬·±² ¬± °¿®¬·¬·±²·²¹ ±º ¬¸» ·²°«¬ ¼±³¿·²ô ±¬¸»® ³»¬¸±¼­ ¬± ¼»®·ª» ¬»­¬­ º®±³ ³±¼»´ó
based speciﬁcations have been studied. These are described in the following section.
ìòîòî Ñ¬¸»® ³»¬¸±¼­ ¿²¼ º±®³¿´ ¬»­¬ º®¿³»©±®µ­ò In practice, the abstract speciﬁca-
tions are often reﬁned in multiple steps to obtain the ﬁnal implementation (executable
code). Every reﬁnement step provides more concrete information about the system by re-
¼«½·²¹ ¬¸» ²±²ó¼»¬»®³·²·­³ ¿²¼ °±­­·¾´§ »²´¿®¹·²¹ ¬¸» ¼±³¿·²ò Ì¸» ®»´¿¬·±²­¸·° ¾»¬©»»²
testing and reﬁnement has been explored by Derrick and Boiten [Derrick and Boiten 1999]
in the framework of Z speciﬁcations. It describes how the FA used to drive test execution
changes upon reﬁnement by providing a method to calculate an FA for a reﬁnement from
¿² ¿¾­¬®¿½¬ Úßò
Another strategy given in [Carrington and Stocks 1994] is speciﬁcation mutation. This
idea is inspired by mutation testing of programs. The speciﬁcation is mutated, and for each
³«¬¿¬·±² ¿ ¬»­¬ ·­ ¼»®·ª»¼ ¬¸¿¬ ¼·­¬·²¹«·­¸»­ ¬¸» ¾»¸¿ª·±«®­ ±º ¬¸» ³«¬¿¬»¼ ¿²¼ ±®·¹·²¿´
speciﬁcations. The effect is to ensure that the SUT does not implement any of the incorrect
speciﬁcations. The mutations are chosen in order to simulate real faults and thus the belief
·­ ¬¸¿¬ ¿ ¬»­¬ ­»¬ ¬¸¿¬ ­¸±©­ ¬¸¿¬ ¬¸» ³«¬¿²¬­ ¿®» º¿«´¬§ ©·´´ ²±¬ ¾» °¿­­»¼ ¾§ ¿ º¿«´¬§ °®±¹®¿³ò
×¬ ·­ ²¿¬«®¿´ ¬± ½¿°¬«®» ¬¸·­ ¾»´·»º ¾§ ¿ ¬»­¬ ¸§°±¬¸»­·­ô ¾«¬ ·¬ ­¸±«´¼ ¾» ²±¬»¼ ¬¸¿¬ ¬¸·­ ¬»­¬
¸§°±¬¸»­·­ ·­ ²±¬ ±²» ±º ¬¸±­» ½±²­·¼»®»¼ ¾§ Ù¿«¼»´ò Ì¸» ¿°°®±¿½¸ ½¿² ¿´­± ­«ºº»® º®±³ ±²»
±º ¬¸» ­¬¿²¼¿®¼ °®±¾´»³­ ©·¬¸ ³«¬¿¬·±² ¬»­¬·²¹æ ¬¸»®» ½¿² ¾» ³«¬¿²¬­ ¬¸¿¬ ¿®» »¯«·ª¿´»²¬ ¬±
the speciﬁcation and equivalence is undecidable.
Ì¸» Ì»­¬ Ì»³°´¿¬» Ú®¿³»©±®µ øÌÌÚ÷ ÅÝ¿®®·²¹¬±² ¿²¼ Í¬±½µ­ ïççìå Í¬±½µ­ ïççíå Í¬±½µ­
¿²¼ Ý¿®®·²¹¬±² ïççêÃô «­»­ ¬¸» Æ ²±¬¿¬·±² ¬± ½±²¼«½¬ ¾´¿½µ ¾±¨ ¬»­¬·²¹ò ß ¬»­¬ ¬»³°´¿¬»
·­ ¿ Æ ­½¸»³¿ ¬¸¿¬ ¼»­½®·¾»­ ¿ ­»¬ ±º ¬»­¬ ½¿­»­ò ß ¬»­¬ ¬»³°´¿¬» ®»°®»­»²¬­ ¿ ­»¬ ±º ª¿´«»­
¬¸¿¬ ¿®» »¯«·ª¿´»²¬ ¿½½±®¼·²¹ ¬± ¬¸» ¬»­¬ ¬»½¸²·¯«»­ «­»¼ ¬± ¹»²»®¿¬» ¬¸» ¬»³°´¿¬»ô ¿²¼ ½¿²
be reﬁned by incorporating different test techniques. Test cases are generated from the
ﬁnal test templates, which partition the input space. The test template framework therefore
¹·ª»­ ¿ ­¬®«½¬«®» ©·¬¸·² ©¸·½¸ ¬»­¬ ½¿­» ¹»²»®¿¬·±² ¿´¹±®·¬¸³­ ½¿² ¾» ¿°°´·»¼ò
ß«¬¸±®­ ¸¿ª» ½±²­·¼»®»¼ ¬¸» °®±¾´»³ ±º ¬»­¬·²¹ º®±³ ¿² ±¾¶»½¬ó±®·»²¬»¼ ³±¼»´ó¾¿­»¼
´¿²¹«¿¹» ­«½¸ ¿­ ÆÛÍÌ ÅÍ¬»°²»§ ïççëÃ ¿²¼ Ñ¾¶»½¬óÈ ÅÝ«­¿½µ ¿²¼ É»¦»³¿² ïççíå Ú´»¬½¸»®
¿²¼ Í¿¶»»ª ïççêÃò Ì¸»®» ¸¿­ ¿´­± ¾»»² ©±®µ ±² ¬»­¬·²¹ º®±³ ÍÑÚÔ øÍ¬®«½¬«®»¼ Ñ¾¶»½¬ó
based Formal Language) speciﬁcations [Liu 1999; Liu et al. 2000; Offutt and Liu 1999].
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
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ß²±¬¸»® ¼·®»½¬·±² º±® ¬¸» «­» ±º º±®³¿´ ³»¬¸±¼­ ¬± ¿·¼ ¬»­¬·²¹ ·­ ¬¸» º±®³¿´·¦¿¬·±² ±º
software testing criteria. A uniﬁcation of two categories of test criteria, using program-
based and speciﬁcation-based approaches, has been presented by Behnia and Waeselynck
ÅÞ»¸²·¿ ¿²¼ É¿»­»´§²½µ ïçççÃ º±® Þ ³±¼»´­ò Ê·´µ±³·® ¿²¼ Þ±©»² ¸¿ª» º±®³¿´·¦»¼
control-ﬂow testing criteria using the Z notation [Vilkomir and Bowen 2001; 2002]. In
[Vilkomir and Bowen 2001], Z schemas are presented for deﬁnitions of some of the main
control-ﬂow criteria. In [Vilkomir and Bowen 2002], a new Reinforced Condition/Decision
Coverage criterion is proposed and formalized using Z. These formal deﬁnitions help to
»´·³·²¿¬» ¬¸» °±­­·¾·´·¬§ ±º ¿³¾·¹«·¬·»­ò
Î·½» ¿²¼ Í»·¼³¿² ÅÎ·½» ¿²¼ Í»·¼³¿² ïççèÃ ½±²­·¼»® ­±º¬©¿®» ¿²¿´§­·­ ¿²¼ ¬»­¬·²¹ ¿¬ ¬¸»
¿®½¸·¬»½¬«®¿´ ´»ª»´ò Ì¸»§ ­«¹¹»­¬ «­·²¹ ¬¸» ¿®½¸·¬»½¬«®¿´ ­¬§´» ¼»­½®·°¬·±² ´¿²¹«¿¹» ßÍÜÔ
º±® ¬¸·­ ¿·³ò ß² ßÍÜÔ ¼»­½®·°¬·±² ·­ ³¿¼» «° ±º ¬¸®»» »´»³»²¬­æ ¬»³°´¿¬»­ô ­»¬¬·²¹­ô ¿²¼
«²·¬­ò ß ¹»²»®·½ Æ ­½¸»³¿ ¬¸¿¬ ·­ ·²ª¿®·¿²¬ ¿½®±­­ ¿´´ ­¬§´»­ ¼»­½®·¾»­ »¿½¸ »´»³»²¬ò Ì¸»
¿«¬¸±®­ ½±²­·¼»® ¬¸» »¨¬»²­·±² ±º ¿ °®±¬±¬§°» ßÍÜÔ ¬±±´­»¬ ¬± ·²½´«¼» º¿½·´·¬·»­ º±® ¿²¿´§­·­
¿²¼ ¬»­¬·²¹ò
Proposed approaches for speciﬁc tasks during testing include also testing the non-existence
of initial state in Z speciﬁcations [Miao et al. 1999], comparisons of the Z proof with var-
ious types of testing [King et al. 2000], using dynamic speciﬁcation slicing in validating
and debugging the Z speciﬁcation [Chang and Richardson 1994], and testing documents
¼«®·²¹ Þ ³»¬¸±¼ ¾¿­»¼ ­±º¬©¿®» ¼»ª»´±°³»²¬ ÅÌ¿±«·´óÌ®¿ª»®­±² ¿²¼ Ê·¹²»­ ïççêÃò
ìòí Ì»­¬ ß«¬±³¿¬·±²
Ì¸»®» ·­ ¬¸» °±¬»²¬·¿´ ¬± ¿«¬±³¿¬» ³¿²§ ±º ¬¸» ¬»­¬ ¹»²»®¿¬·±² ­¬®¿¬»¹·»­ ¼»­½®·¾»¼ ·² ¬¸»
°®»ª·±«­ ­»½¬·±²­ò Ø±©»ª»®ô ¿«¬±³¿¬·±² ¸¿­ ·¬­ ±©² °®±¾´»³­ ¿²¼ ½¸¿´´»²¹»­ò ß«¬±³¿¬·½
generation of tests from formal speciﬁcations has been considered in [Ammann and Of-
º«¬¬ ïççìå Þ«®¬±² îððîå Ø¿§»­ ïçèêå Ö¿½µ­±² ¿²¼ Ê¿¦·®· îðððå Ó»«¼»½ ïççéÃò Ü·ºº»®»²¬
¸»«®·­¬·½­ ¿®» ¬§°·½¿´´§ «­»¼ ¬± °¿®¬·¬·±² ¬¸» ·²°«¬ ¼±³¿·² ·²¬± »¯«·ª¿´»²½» ½´¿­­»­ ¿²¼ ¬±
­»´»½¬ ¬»­¬ ¼¿¬¿ º®±³ ¬¸»­» ½´¿­­»­ò
ìòíòï Automation using partitioning and ﬁnite state automaton. ß² ¿´¹±®·¬¸³ ¬¸¿¬
generates a partition of the input domain from a Z speciﬁcation was introduced by Hi-
»®±²­ ÅØ·»®±²­ ïççé¾Ãò ×¬ ·­ ­¸±©² ¬¸¿¬ ­«½¸ ¿ °¿®¬·¬·±² ½¿² ¾» «­»¼ ¾±¬¸ º±® ¹»²»®¿¬·±² ±º
¬»­¬ ½¿­»­ ¿²¼ º±® ¬¸» °®±¼«½¬·±² ±º ¿ Úß ³±¼»´ô ©¸·½¸ ½¿² ¾» «­»¼ ¬± ½±²¬®±´ ¬¸» ¬»­¬·²¹
process. The speciﬁcations are rewritten to a form in which both a partition of the input
¼±³¿·² ¿²¼ ¬¸» ­¬¿¬»­ ±º ¿ Úß ½¿² ¾» ¼»®·ª»¼ò Ì¸» ¼»­½®·¾»¼ ®»©®·¬» ®«´»­ ¿®» ­¸±©² ¬± ¾»
conﬂuent and terminating.
×² ÅÔ»¹»¿®¼ »¬ ¿´ò îððî¿Ãô ¿² ¿«¬±³¿¬·½ ¬»­¬ ¹»²»®¿¬·±² ³»¬¸±¼ º±® ¾±«²¼¿®§ ¬»­¬·²¹ º®±³
Z or B speciﬁcations is presented. The method avoids the construction of the complete FA
¬¸»®»¾§ ¿ª±·¼·²¹ ¬¸» ­¬¿¬» »¨°´±­·±² ¿²¼ ²±²ó¼·­½±ª»®§ ø¼»¬»®³·²·²¹ ¿´´ ­¬¿¬»­ ¿²¼ ¬®¿²­·ó
¬·±²­÷ °®±¾´»³­ò Ú·®­¬´§ô ­«¾­»¬­ ±º ¬¸» ­¬¿¬» ­°¿½» ø¾±«²¼¿®§ ¹±¿´­÷ ¿®» ½±³°«¬»¼ º®±³ ¬¸»
DNF. The boundary states are obtained by traversal of the states speciﬁed by the boundary
¹±¿´­ò Ì¸» ³»¬¸±¼ ·­ ­«°°±®¬»¼ ¾§ ¿ ¬±±´ó­»¬æ ¬¸» ÞÆóÌ»­¬·²¹óÌ±±´ »²ª·®±²³»²¬ Åß³¾»®¬
»¬ ¿´ò îððîÃò
Þ«®¬±² ÅÞ«®¬±² îððîÃ ¼»­½®·¾»­ ¿ ¬»½¸²·¯«» º±® ¿«¬±³¿¬·½¿´´§ ¹»²»®¿¬·²¹ ¬»­¬­ º®±³ Æ
speciﬁcations based on user deﬁned testing criteria. The method is applicable to both par-
¬·¬·±²·²¹ ¿²¼ º¿«´¬ó¾¿­»¼ ¬»­¬·²¹ ½®·¬»®·¿ò ß«¬±³¿¬·±² ·­ ³¿¼» °±­­·¾´» ¾§ º±®³¿´´§ ­°»½ó
·º§·²¹ ¸»«®·­¬·½­ º±® ¹»²»®¿¬·²¹ ¬»­¬­ «­·²¹ ¹»²»®¿´ó°«®°±­» ¬¸»±®»³ °®±ª·²¹ ¬±±´­ò Ì¸»
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
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condition under which a fault is detected is also formally speciﬁed in [Burton 2002]. The
¬»½¸²·¯«»­ ¸¿ª» ¾»»² ·³°´»³»²¬»¼ ·² ¬¸» ÝßÜ·Æ ¹»²»®¿´ °«®°±­» ¬¸»±®»³ °®±ª»®ò Ì¸·­
approach has also be applied to Statechart speciﬁcations by ﬁrst generating Z speciﬁcations
º®±³ ¬¸»³ ÅÞ«®¬±² îððîÃò
A similar approach for generating test cases from B speciﬁcations, based on user-deﬁned
½®·¬»®·¿ô ·­ °®»­»²¬»¼ ·² Åß»®¬®§½µ »¬ ¿´ò ïççéÃò Ì¸» ¿«¬¸±®­ ¼»­½®·¾» ¿ ¹»²»®¿´ º®¿³»©±®µô
ÝßÍÌ×ÒÙô ¬¸¿¬ ¸¿­ ¾»»² ¼»ª»´±°»¼ ¬± ­«°°±®¬ ¬»­¬ ¹»²»®¿¬·±²ò
Ó»«¼»½ ÅÓ»«¼»½ ïççéÃ ¿°°´·»¼ ¬¸» ·¼»¿ ±º °¿®¬·¬·±²·²¹ ¿²¼ ÌÌÚ ¼±³¿·² °®±°¿¹¿¬·±²
strategy to VDM-SL expressions, and extended it to work better with quantiﬁers. His
thesis discusses possible automation, and concludes that the complete simpliﬁcation and
ÊÜÓ ¿«¬±³¿¬·½ °®±ª·²¹ ­«°°±®¬ ¬¸¿¬ ·­ ²»»¼»¼ ³¿§ ¾» ¾»§±²¼ ¬¸» ­¬¿¬» ±º ¬¸» ¿®¬ô ¾«¬ ¬¸¿¬
½±²­¬®¿·²¬ ´±¹·½ °®±¹®¿³³·²¹ ´±±µ­ °®±³·­·²¹ò ß¬¬»®»® Åß¬¬»®»® îðððÃ °®»­»²¬­ ¿«¬±³¿¬·½
test data generation, based on Meudec’s technique, from VDM-SL speciﬁcations.
×² ±®¼»® ¬± ¬»­¬ ¿² ±°»®¿¬·±² ©·¬¸ ¿ ª¿´«» º®±³ ¿ ­«¾¼±³¿·² ©» ³¿§ ²»»¼ ¬± ­»¬ «° ¬¸»
internal state since each element of a subdomain deﬁnes a value for both the state and
¬¸» ·²°«¬ ¬± ¬¸» ±°»®¿¬·±²ò Ì¸·­ ·²¬®±¼«½»­ ¿ ­»¯«»²½·²¹ ·­­«»æ ©» ³¿§ ²»»¼ ¬± ¿°°´§ ¿
­»¯«»²½» ±º ±°»®¿¬·±²­ ·² ±®¼»® ¬± ­»¬ «° ¬¸» ­¬¿¬» º±® ¿ ¬»­¬ò Ì¸» ¬§°·½¿´ ­±´«¬·±² ¬± ¬¸·­
problem is to generate a FA from the speciﬁcation and use this as the basis for sequencing
ÅÜ·½µ ¿²¼ Ú¿·ª®» ïççíå Ø·»®±²­ »¬ ¿´ò îððïå Ó«®®¿§ »¬ ¿´ò ïççèå É¿¬¿²¿¾» ¿²¼ Í¿µ¿³«®¿
ïççêÃò Ò¿¬«®¿´´§ô ·º ©» ½¸±±­» ¿ °¿¬¸ ¬¸®±«¹¸ ¬¸·­ Úß ¬¸»² ¬¸»®» ·­ ²± ¹«¿®¿²¬»» ¬¸¿¬ ¬¸·­
°¿¬¸ ·­ º»¿­·¾´»ò
ìòíòî Ì¸» ±®¿½´» °®±¾´»³ò A speciﬁcation can form the basis for generating an oracle
Åß·½¸»®²·¹ ïçççå Ø¿§»­ ïçèêå Î·½¸¿®¼­±² »¬ ¿´ò ïççîå É¿»­»´§²½µ ¿²¼ Þ»¸²·¿ ïççèÃò
Where it is possible to animate a speciﬁcation this animation can be used as an oracle
ÅÓ·µµ ïççëå Ý·¿²½¿®·²· »¬ ¿´ò ïççêå ß´óß³¿§®»¸ ¿²¼ Æ·² ïçççå ß·½¸»®²·¹ îððï¿å îððï¾Ãò
Often the types used in the speciﬁcation and implementation are different, in which case
we need abstraction functions but if development has proceeded through formal reﬁnement
¬¸»² ­«½¸ º«²½¬·±²­ ©·´´ ¸¿ª» ¾»»² °®±¼«½»¼ò
Ì®»¸¿®²» »¬ò ¿´ò ÅÌ®»¸¿®²» »¬ ¿´ò ïççèÃ ½±²­·¼»® ¿² ¿´¬»®²¿¬·ª» ¿°°®±¿½¸ ·² ©¸·½¸ ¿
°®±¬±¬§°» ·³°´»³»²¬¿¬·±² ·­ «­»¼ò ×² ¬¸»·® ¿°°®±¿½¸ ¬¸» ®»­«´¬­ ±º ¬»­¬ ½¿­»­ ¿®» »ª¿´«¿¬»¼
by executing the prototype speciﬁed in B and these test cases are further reﬁned in order to
³¿µ» ¬¸»³ ­«·¬¿¾´» º±® ¬¸» ¿½¬«¿´ ÍËÌò
ìòíòí Ñ¬¸»® ³»¬¸±¼­ò Jackson [Jackson and Vaziri 2000] describes a method for ﬁnd-
ing bugs in the code based on speciﬁed properties. The method generates counterexamples
for the executions that violate the speciﬁcation. The speciﬁcation language, Alloy, is used
for specifying the properties of code. Alloy is inﬂuenced by Z and is strictly ﬁrst order,
³¿µ·²¹ ¿«¬±³¿¬·½ ¿²¿´§­·­ °±­­·¾´»ò Ì¸»®» ¿®» ¬©± ­¬»°­ ·²ª±´ª»¼ ·² ½¸»½µ·²¹ °®±°»®¬·»­ò
Ú·®­¬ô ¬¸» °®±¹®¿³ ­¬¿¬»³»²¬­ ¿®» »²½±¼»¼ ·²¬± ®»´¿¬·±²¿´ ½±²­¬®¿·²¬­ ±ª»® ¾»º±®» ¿²¼ ¿º¬»®
states. Second, conjunction of encoded formulae along with the negation of a speciﬁcation
·­ ½±²­¬®«½¬»¼ò Ì¸» ­¿¬·­º§·²¹ ¿­­·¹²³»²¬­ º±® ¬¸·­ º±®³«´¿ ¹·ª» »¨»½«¬·±²­ ¬¸¿¬ ª·±´¿¬» ¬¸»
speciﬁcations. SAT solvers are used for checking these formulae.
ìòì Ý¿­» Í¬«¼·»­ ¿²¼ Ì±±´­
Approaches and techniques that use model-based formal speciﬁcations to assist software
¬»­¬·²¹ ¸¿ª» ¾»»² ¿°°´·»¼ º±® ¬»­¬·²¹ ¼·ª»®­» ­¿º»¬§ó½®·¬·½¿´ ½±³°«¬»® ­§­¬»³­ò
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
~ îí
ìòìòï ÓßÌ×Íò Ì¸» Ó«´¬·ó³±¼¿´ ß·®´·²» Ì®¿ª»´ ×²º±®³¿¬·±² Í§­¬»³ ÓßÌ×Í ·­ ¿² ·²¬»®ó
active system, which allows a user to query a database about ﬂight information. Various
­»¿®½¸ ¬»³°´¿¬»­ ¿´´±© ·²°«¬ º®±³ ³±¼¿´·¬·»­ ­«½¸ ¿­ ­°»»½¸ô µ»§¾±¿®¼ô ¿²¼ ³±«­»ò Ý±²ó
­·¼»®·²¹ ÓßÌ×Í ¿­ ¿² »¨¿³°´»ô Ó¿½Ý±´´ ¿²¼ Ý¿®®·²¹¬±² ÅÓ¿½Ý±´´ ¿²¼ Ý¿®®·²¹¬±² ïççèÃ
¼»³±²­¬®¿¬» ¸±© ¬»­¬·²¹ ·²º±®³¿¬·±² º±® ·²¬»®¿½¬·ª» ­§­¬»³­ ½¿² ¾» ¼»®·ª»¼ º®±³ º±®³¿´
speciﬁcations. The speciﬁcation of MATIS uses Z to deﬁne the functionality and presenta-
tion, and CSP to deﬁne interaction.
Ú±® ¬¸» º«²½¬·±²¿´·¬§ ¿²¼ °®»­»²¬¿¬·±²ô ¬¸» Ì»­¬ Ì»³°´¿¬» Ú®¿³»©±®µ øÌÌÚ÷ ÅÍ¬±½µ­ ¿²¼
Ý¿®®·²¹¬±² ïççêÃ ©¿­ «­»¼ ¬± ¼»®·ª» ¿ ¸·»®¿®½¸§ ±º ¬»­¬ ·²º±®³¿¬·±²ò ß­ °¿®¬·½«´¿® ¬»­¬·²¹
strategies, type-based selection, partition analysis and domain propagation were identiﬁed.
Ì¸» ¬§°»ó¾¿­»¼ ¿°°®±¿½¸ ©¿­ «­»¼ º±® ­»¬­ ¿²¼ ¸»®» ¬©± ½¿­»­ ©»®» «­»¼æ ¬¸» ­»¬ ·­ »³°¬§
±® ·¬ ·­ ²±²ó»³°¬§ò Ò¿¬«®¿´´§ô ¿´´ ±º ¬¸»­» ½¿² ¾» ­»»² ¿­ ¿°°´§·²¹ ­±³» «²·º±®³·¬§ ¸§°±¬¸ó
»­·­ò
ß ¬»­¬ ¬»³°´¿¬» ¸·»®¿®½¸§ ©¿­ °®±¼«½»¼ º±® ¬¸» º±´´±©·²¹ ³¿·² ±°»®¿¬·±²­ ±º ÓßÌ×Íæ
creating queries, providing a value for a named ﬁeld and searching the database. It was
º±«²¼ ¬¸¿¬ ¬¸» º«²½¬·±²¿´·¬§ ¿²¼ °®»­»²¬¿¬·±² ª·»©­ ´»¼ ¬± ¼·ºº»®»²¬ ¾«¬ ±ª»®´¿°°·²¹ ­»¬­ ±º
test templates. The tests produced from the Z speciﬁcations were complemented by test
cases produced from the CSP, essentially by devising an equivalent ﬁnite state automaton
Ó ¿²¼ °®±¼«½·²¹ ¿ ­»¬ ±º °¿¬¸­ ±º Ó ¬¸¿¬ ·²½´«¼»¼ ¿´´ ¬®¿²­·¬·±²­ ±º Óò Ñ²» ±º ¬¸» ³¿·²
½±²½´«­·±²­ ©¿­ ¬¸¿¬ ¬¸» ¼·ºº»®»²¬ ª·»©°±·²¬­ ©»®» «­»º«´ º±® ¬»­¬ ¹»²»®¿¬·±² ¿²¼ ´»¼ ¬±
different speciﬁcation based test cases. However, while this piece of work showed how
speciﬁcation based tests can be produced the test effectiveness was not evaluated.
ìòìòî ÊÝÍò Ì¸» Ê±·½» Ý±³³«²·½¿¬·±² ­§­¬»³ ÊÝÍ íðîðÍ Åß·½¸»®²·¹ îðððå Øx±®´ ¿²¼
Aichernig 2000] supports voice communication between pilots and air trafﬁc control per-
­±²²»´ ª·¿ ®¿¼·±ò ÊÝÍ ·­ ¿ ­©·¬½¸»¼ ­§­¬»³ º±® ®»¿´ó¬·³» ¬®¿²­³·­­·±² ±º ½±²¬·²«±«­ ª±·½»
¼¿¬¿ò ÊÜÓõõ ©¿­ «­»¼ º±® º±®³¿´·¦·²¹ ¬¸» ³¿·² °¿®¬ ø¬¸» ­¿º»¬§ó½®·¬·½¿´ ½±®»÷ ±º ¬¸» º«²½ó
¬·±²¿´ ®»¯«·®»³»²¬­ò Ì¸·­ º±®³¿´·¦¿¬·±² ©¿­ ½¿®®·»¼ ±«¬ ·² °¿®¿´´»´ ©·¬¸ ¬¸» ¼»­·¹² °®±½»­­
¿²¼ ¿·³»¼ ¬± ª¿´·¼¿¬» ¬¸» º«²½¬·±²¿´ ®»¯«·®»³»²¬­ ¿²¼ ¬¸» »¨·­¬·²¹ ¿½½»°¬¿²½» ¬»­¬­ò
Ì¸» º±®³¿´·¦¿¬·±² °®±½»­­ ©¿­ ¾¿­»¼ ±² ïìð ²¿¬«®¿´ ´¿²¹«¿¹» ®»¯«·®»³»²¬­ò Ì¸» °®±½»­­
of producing a formal speciﬁcation led to 108 questions being raised and this resulted in
íí ½¸¿²¹»­ ¬± ¬¸» ²¿¬«®¿´ ´¿²¹«¿¹» ®»¯«·®»³»²¬ Åß·½¸»®²·¹ îðððÃò ×¬ ©¿­ ­¬¿¬»¼ ¬¸¿¬ ¬¸·­
°¸¿­» ®»­»³¾´»¼ ¿ ª¿´·¼¿¬·±² ±º ¬¸» ®»¯«·®»³»²¬­ò
ß ­»¬ ±º êë ¬»­¬ ½¿­»­ ¿´®»¿¼§ »¨·­¬»¼ô ©·¬¸ ¿ ½±³¾·²»¼ ´»²¹¬¸ ±º îðð ­¬»°­ò ß ¬±¬¿´ ±º
êðû ±º ¬¸»­» ©»®» º±®³¿´·¦»¼ «­·²¹ ÊÜÓõõò Û¿½¸ ¿½¬·±² ¾§ ¬¸» ¬»­¬ °»®­±²²»´ ¿²¼ ¬¸»
½±®®»­°±²¼·²¹ ­§­¬»³ù­ ®»¿½¬·±² ©»®» ¬®¿²­´¿¬»¼ ·²¬± ½¿´´­ ¬± ³»¬¸±¼­ ±º ÊÜÓõõù­ ¬»­¬
speciﬁcation. This formalization process led to 16 errors being found in the test cases and
thus being corrected. The speciﬁcation was animated using the test cases and the IFAD
ÊÜÓõõ Ì±±´¾±¨ øª»®­·±² êòð÷ò ß²·³¿¬·±² ´»¼ ¬± ­»ª»² ³·²±® »®®±®­ ¾»·²¹ º±«²¼ ·² ¬¸»
formal speciﬁcation and thus assisted in validating the speciﬁcation.
Ì¸» ×ÚßÜ ÊÜÓõõ Ì±±´¾±¨ ©¿­ «­»¼ ¬± ±¾¬¿·² ¬»­¬ ½±ª»®¿¹» ·²º±®³¿¬·±²ò ×¬ ©¿­ ®»ó
ported that the test cases gave quite a good coverage of the formal speciﬁcation. It was
¿®¹«»¼ ¬¸¿¬ ¬¸·­ ©¿­ ¾±¬¸ ¾»½¿«­» ¬¸» ·²º±®³¿´ ¬»­¬ ¹»²»®¿¬·±² °®±½»­­ ¸¿¼ ¾»»² ª»®§ ¬¸±®ó
±«¹¸ ¿²¼ ¿´­± ¾»½¿«­» ¬¸» ½±ª»®¿¹» ½®·¬»®·±² «­»¼ ©¿­ À®¿¬¸»® ©»¿µù ¿²¼ ¬¸«­ ¿ ¹±±¼
½±ª»®¿¹» ³·¹¸¬ ³»¿² ®»´¿¬·ª»´§ ´·¬¬´» Åß·½¸»®²·¹ îðððÃò Ø±©»ª»®ô ·¬ ©¿­ ¿´­± ±¾­»®ª»¼ ¬¸¿¬
¬¸» ¬¸±®±«¹¸ ³¿²«¿´ ¬»­¬ ¹»²»®¿¬·±² °®±½»­­ô º±® ¿ ­¿º»¬§ó½®·¬·½¿´ ­§­¬»³ô º¿·´»¼ ¬± °®±¼«½»
a test set that covered the entire formal speciﬁcation [Hx±®´ ¿²¼ ß·½¸»®²·¹ îðððÃò ×¬ ©¿­ ¿´­±
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
îì ~
reported that by considering the speciﬁcation it was possible to produce ‘more economic’
¬»­¬ ½¿­»­ »¿½¸ ±º ©¸·½¸ ½±ª»®»¼ ³±®» ­§­¬»³ º«²½¬·±²¿´·¬§ò
ìòìòí Ú´±©Þ«­ò Ú´±©Þ«­ ·­ ¿² ¿°°´·½¿¬·±² ·²¬»¹®¿¬·±² °®±¼«½¬ô ±® ³·¼¼´»©¿®»ô º±®
½±³³«²·½¿¬·±² ·² ¿ ²«³¾»® ±º ©¿§­ ª·¿ ¿ ­·²¹´» ¿°°´·½¿¬·±² °®±¹®¿³³·²¹ ·²¬»®º¿½» ÅÞ·ó
½¿®®»¹«· »¬ ¿´ò ïççéÃò ×¬­ ³¿·² º«²½¬·±² ·­ ¬± °®±ª·¼» ¿ ¼·­¬®·¾«¬»¼ô ³«´¬·ó°´¿¬º±®³ô ·²¬»®ó
¿°°´·½¿¬·±² ³»­­¿¹» ¸¿²¼´·²¹ ­»®ª·½»ò Ñ²» °¿®¬ ±º ¬¸·­ô ¬¸» ¯«»«» ¿¼³·²·­¬®¿¬·±² ¬±±´
øÏßÌ÷ ©¿­ ¼»ª»´±°»¼ º±®³¿´´§ «­·²¹ ÊÜÓ ¿²¼ Þò ÊÜÓ ¿²¼ Þ ©»®» ½¸±­»² ¾»½¿«­»
±º ¬¸» ¬±±´ ­«°°±®¬ ¬¸¿¬ ©¿­ ¿ª¿·´¿¾´»ò Ì¸» ¼»ª»´±°³»²¬ °®±½»­­ ·²½´«¼»¼ ¬¸®»» ³¿·² ­¬»°­æ
producing the initial VDM speciﬁcation using VDM through Pictures (VtP);
translate VDM speciﬁcation by hand into B; and
¿«¬±³¿¬·½ ¹»²»®¿¬·±² ±º Ý ­±«®½» ½±¼» º®±³ ¬¸» Þò
Test cases were generated from the VDM speciﬁcation, which assisted the validation of
¬¸» ³¿²«¿´ ¬®¿²­´¿¬·±² ±º ¬¸» ÊÜÓ ·²¬± Þò Ì¸» ÊÜÓ ß²¿´§­·­ Ì±±´ øÊßÌ÷ ©¿­ «­»¼ º±®
°¿®¬·¬·±² ¿²¿´§­·­ ±º ±°»®¿¬·±²­ ¿²¼ ¬¸» ­§­¬»³ ­¬¿¬» «­·²¹ ¬¸» ÜÒÚ ³»¬¸±¼ò ß¾±«¬ ïëð ¬»­¬
¼±³¿·²­ ©»®» ¼»ª·­»¼ ¿²¼ ¿¾±«¬ ëðð ¬»­¬ ½¿­»­ ©»®» °®±¼«½»¼ º±® íì ±°»®¿¬·±²­ò Ì¸®»»
º¿«´¬­ ·² ¬¸» ±®·¹·²¿´ ÊÜÓ ©»®» ¼·­½±ª»®»¼ò Ì¸» ¬»­¬ ½¿­»­ ©»®» ¿´­± «­»¼ ¬± ½¸»½µ ¬¸»
Þ ¼»­·¹²­ ¬¸®±«¹¸ ¿²·³¿¬·±² «­·²¹ ¬¸» ÞóÌ±±´µ·¬ò Ì¸·­ °®±½»­­ ©¿­ ¿°°´·»¼ ¬± ïë ±º ¬¸»
íì ±°»®¿¬·±²­ ¿²¼ ´»¼ ¬± ë º¿«´¬­ ¾»·²¹ º±«²¼ô ·²½´«¼·²¹ ±²» ¬¸¿¬ ©¿­ ­¿·¼ ¬± ¾» °±¬»²¬·¿´´§
­»®·±«­ò
ìòìòì ÙÍÓ ïïòïïò ÙÍÓ ·­ ¿ ©·¼»´§ «­»¼ ­¬¿²¼¿®¼ º±® ¼·¹·¬¿´ ³±¾·´» °¸±²» ­§­¬»³­ò
In [Legeard et al. 2002b], the authors consider the B speciﬁcations of a simpliﬁed version
of the GSM subset. For test generation, the TTF method was used. For this, the B speciﬁ-
½¿¬·±² ©¿­ ¬®¿²­´¿¬»¼ ·²¬± Æô ¿²¼ ¬¸»² ¬¸» ÌÌÚ ³»¬¸±¼ ©¿­ ¿°°´·»¼ ¬± ¹»²»®¿¬» ¬»­¬­ º®±³
the Z speciﬁcation. The main approach used was the DNF method. Although some tools
©»®» «­»¼ ø³¿·²´§ô ÆñÛÊÛÍ÷ô ÌÌÚ ¹»²»®¿¬·±² ·­ ¿ ³¿²«¿´ °®±½»­­ô ®»¯«·®·²¹ »¨¬»²­·ª» »¨ó
pertise. The Z schemas as well as the B speciﬁcation of a fragment of the GSM 11-11
Í¬¿²¼¿®¼ ¿®» °®±ª·¼»¼ ·² ÅÔ»¹»¿®¼ »¬ ¿´ò îððî¾Ãò
Ñ²½» ¬¸» ÌÌÚ ´»¿ª»­ ¸¿ª» ¾»»² °®±¼«½»¼ ·¬ ·­ ²»½»­­¿®§ ¬± °®±¼«½» ¬»­¬ ­»¯«»²½»­ ¬¸¿¬
À½±ª»®ù ¬¸» ´»¿ª»­ò Ì¸» ¿«¬¸±®­ ³¿µ» ¬¸» ±¾­»®ª¿¬·±² ¬¸¿¬ ·¬ ·­ ±º¬»² «²¼»­·®¿¾´» ¬± ·²­¬¿²ó
¬·¿¬» ¬¸» ª¿´«»­ ±º ª¿®·¿¾´»­ ·² ¬¸» ÌÌÚ ´»¿ª»­ ¾»º±®» ¬»­¬ ­»¯«»²½» ¹»²»®¿¬·±² ­·²½» ¬¸·­
makes it more likely that an infeasible test case is deﬁned: there is no feasible path that
·²½´«¼»­ ¬¸» ¬»­¬ ½¿­»ñ´»¿ºò
In parallel, the BTT method was used to generate tests from the B speciﬁcation and the
¬©± ¬»­¬ ­»¬­ ©»®» ½±³°¿®»¼ò ÞÌÌ ¹»²»®¿¬»¼ ±ª»® îðð ¬»­¬­ ¿²¼ ïì ¬»­¬­ ©»®» ¹»²»®¿¬»¼
ª·¿ ÌÌÚò Ø±©»ª»®ô ·¬ ©¿­ ®»°±®¬»¼ ¬¸¿¬ ¬¸» ÞÌÌ ¬»­¬ ­»¬ ½±²¬¿·²»¼ ¿ ´±¬ ±º ®»°»¬·¬·±² ¿²¼
potentially could be made more efﬁcient. Based on the GSM case study, Legeard, Peureux
¿²¼ Ë¬¬·²¹ ²±¬»¼ ¬¸» º±´´±©·²¹ ¼·­¬·²½¬·±²­ ¾»¬©»»² ÞÌÌ ¿²¼ ÌÌÚæ
Ì§°·½¿´´§ ¿ ´±¬ ³±®» ¬»­¬­ ¿®» ¹»²»®¿¬»¼ ¾§ ÞÌÌ ¬¸¿² ÌÌÚå
Ì¸» ÞÌÌ ³»¬¸±¼ ³¿·²¬¿·²­ ¿ ½´»¿®»® ¼·­¬·²½¬·±² ¾»¬©»»² ¬¸» ­¬¿¬» ª¿®·¿¾´»­ ¿²¼ ·²°«¬
°¿®¿³»¬»®­ ¬¸¿² ¬¸» ÌÌÚå
ÞÌÌ ¹»²»®¿¬»­ ³±®» ¿½½«®¿¬» ±®¿½´»­ ¬¸¿² ÌÌÚå
ÌÌÚ ¹·ª»­ ¿ ³±®» ¼»¬¿·´»¼ ¿²¿´§­·­ ±º ¬¸» ·²¬»®»­¬·²¹ °¿®¬·¬·±²­ ±º ¬¸» ½±³°´»¨ ±°»®¿¬·±²­
±® °®»¼·½¿¬»­ò
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
~ îë
Ì¸» ³¿·² ½±²½´«­·±² ±º ÅÔ»¹»¿®¼ »¬ ¿´ò îððî¾Ã ·­ ¬¸¿¬ ÞÌÌ ·­ ¾»¬¬»® ¼»­·¹²»¼ º±® ¿«¬±³¿ó
¬·±² ¬¸¿² ÌÌÚò ×¬ ·­ ¿´­± ­¬¿¬»¼ ¬¸¿¬ ­±³» ¸«³¿² ·²¬»®¿½¬·±² ·­ °®±¾¿¾´§ ¼»­·®¿¾´» ­·²½» º«´´
¿«¬±³¿¬·±² ½¿² ´»¿¼ ¬± ¿² »¨½»­­·ª»´§ ´¿®¹» ¬»­¬ ­»¬ò
ìòë Í«³³¿®§
There has been much work on testing from a Z, B, or VDM speciﬁcation. The test gener-
¿¬·±² ¬»½¸²·¯«»­ ¿®» ¬§°·½¿´´§ ¾¿­»¼ ±² ¬¸» «²·º±®³·¬§ ¸§°±¬¸»­·­æ ¬¸»§ °¿®¬·¬·±² ¬¸» ·²°«¬
domain into a set of subdomains on which the behaviour of the speciﬁcation is uniform.
Ì»­¬ ½¿­»­ ¿®» ¬¸»² ¹»²»®¿¬»¼ º®±³ »¿½¸ ­«¾¼±³¿·²ô ¿²¼ °±¬»²¬·¿´´§ ¿®±«²¼ ¬¸» ¾±«²¼¿®·»­
±º ¬¸» ­«¾¼±³¿·²­ò ß¬ °®»­»²¬ ·¬ ¿°°»¿®­ ¬¸¿¬ ²± ±¬¸»® ¬»­¬ ¸§°±¬¸»­»­ ¸¿ª» ¾»»² ¿°°´·»¼ò
Ø±©»ª»®ô ¿ ³«¬¿¬·±² ¾¿­»¼ ¿°°®±¿½¸ ÅÞ«®¬±² îððîå Ý¿®®·²¹¬±² ¿²¼ Í¬±½µ­ ïççìÃ ¸¿­ ¾»»²
«­»¼ ·² ©¸·½¸ ¬»­¬ ¼¿¬¿ ¹»²»®¿¬·±² ·­ ¼®·ª»² ¾§ ¬¸» ­»¿®½¸ º±® ¬»­¬ ¼¿¬¿ ¬¸¿¬ ¼·­¬·²¹«·­¸»­
between the speciﬁcation and mutants that represent potential faults. This process can be
­»»² ·² ¬»®³­ ±º ±²» ±º ¬©± ¬»­¬ ¸§°±¬¸»­»­ò Ñ²» ¬»­¬ ¸§°±¬¸»­·­ ·­ ¬¸¿¬ ·º ¬¸» ÍËÌ ·­ º¿«´¬§
¬¸»² ·¬­ ¾»¸¿ª·±«® ·­ »¯«·ª¿´»²½» ¬± ¬¸¿¬ ±º ±²» ±º ¬¸» ³«¬¿²¬­ò Ø±©»ª»®ô ¬¸·­ ¼±»­ ²±¬
½±®®»­°±²¼ ¬± ¬¸» «­«¿´ ³±¬·ª¿¬·±² º±® ³«¬¿¬·±²ò ß² ¿´¬»®²¿¬·ª» ¬»­¬ ¸§°±¬¸»­·­ ·­ ¬¸¿¬ ·º ¿
test set distinguishes between the speciﬁcation and mutants then it distinguishes between
the speciﬁcation and any faulty SUT.
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based speciﬁcation clearly helps test automation by assisting in the development of an
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test case it may be necessary to ﬁnd a sequence of operations to set up the internal state of
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ﬁnite automaton from the speciﬁcation and generating the sequences from this but naturally
a chosen path through the ﬁnite automaton may not be feasible. Interestingly, the literature
¿°°»¿®­ ¬± ­¿§ ª»®§ ´·¬¬´» ¿¾±«¬ ¿ ®»´¿¬»¼ °®±¾´»³ô ¬¸¿¬ ±º ½¸»½µ·²¹ ¬¸¿¬ ¬¸» ­¬¿¬» ±º ¬¸» ÍËÌ
is correct after a test. It may be possible to adapt approaches from testing from ﬁnite state
speciﬁcations in which this is a major issue.
ëò Ú×Ò×ÌÛ ÍÌßÌÛóÞßÍÛÜ ÌÛÍÌ×ÒÙ
ëòï ×²¬®±¼«½¬·±²
Many systems have a ﬁnite state structure and FSMs are a natural way to describe such a
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FSMs deﬁne a relatively poor language in terms of expressiveness and abstraction tech-
niques. However, the lack of expressiveness introduces some signiﬁcant advantages when
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FSM based techniques are based on deﬁnitions of conformance that are described in
terms of the language deﬁned by the corresponding FA. They thus only consider the traces
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speciﬁcation and these are discussed in Section 6.
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executes all transitions of the speciﬁcation. From the example in Figure 9 we might pro-
¼«½» ¬¸» º±´´±©·²¹ ¬»­¬ ­»¯«»²½»æ ¸¿ã»å½ãº å¿ãº å¾ãº å¾ãº å¿ãº å½ã»å½ã»å¾ã»·ò Ì¸·­ ³»¬¸±¼
íß ­¬¿¬» ­ ·­ ¼»¬»®³·²·­¬·½¿´´§ ®»¿½¸¿¾´» ·º ¿²¼ ±²´§ ·º ¬¸»®» ·­ ­±³» ·²°«¬ ­»¯«»²½» ¨ ­«½¸ ¬¸¿¬ ¬¸» ·²°«¬ ±º ¨ ©¸»²
¬¸» ÚÍÓ ·­ ·² ·¬­ ·²·¬·¿´ ­¬¿¬» ³«­¬ ´»¿¼ ¬± ­ ¾»·²¹ ®»¿½¸»¼ò
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
îè ~
only attempts to ﬁnd output faults and can be seen as being based on the test hypothesis
¬¸¿¬ »¿½¸ ¬®¿²­·¬·±² ±º × has the expected ﬁnal state. A variant of TT with even lower fault
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all transitions. Both methods make no attempt to ﬁnd state transfer faults.
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ﬁnally with the input ¿ ¬¸» ¬®¿²­·¬·±² ° is tested and its ﬁnal state veriﬁed. The D-method
checks all the transitions for both output and transfer faults. Efﬁcient ways of minimizing
¬¸» ¬»­¬ ­«·¬» ¸¿ª» ¾»»² °®±°±­»¼ ÅØ·»®±²­ ¿²¼ Ë®¿´ îððêå Ë®¿´ »¬ ¿´ò ïççéÃò
Ì¸» ¬®¿²­·¬·±² ½¸»½µ·²¹ ¿°°®±¿½¸ ·²¬®±¼«½»¼ ¾§ Ø»²²·» ÅØ»²²·» ïçêìÃ ¸¿­ ¾»»² ¿¼¿°¬»¼
«­·²¹ ¬¸» ­·³°´» ×ñÑ ­»¯«»²½»­ ÅØ­·»¸ ïçéïÃ ©¸·½¸ ¬¸»² ¸¿­ ¾»½±³» µ²±©² ¿­ Ë×Ñ ­»ó
¯«»²½»­ ÅÍ¿¾²¿²· ¿²¼ Ü¿¸¾«®¿ ïçèèÃ ¿²¼ ¬¸» ³»¬¸±¼ ½¿´´»¼ ¬¸» Ë×Ñó³»¬¸±¼ò Ì¸»­» ³»¬¸ó
±¼­ ¿­­«³» ¬¸¿¬ × ¸¿­ ²± ³±®» ­¬¿¬»­ ¬¸¿² Ú ¿²¼ ¬¸»®» ·­ ¿ ®»­»¬ ¬¸¿¬ ¾®·²¹­ × º®±³ »ª»®§
­¬¿¬» ¬± ¬¸» ·²·¬·¿´ ­¬¿¬»ò Ú±® »ª»®§ ¬®¿²­·¬·±² º®±³ ­ ¬± ­ð ¿½½»°¬·²¹ ·²°«¬ ¿ ©» «­» ¿ ¬»­¬
­»¯«»²½» ¬ø­ðå ­÷¿Ë×Ñ­ð ô ©¸»®» Ë×Ñ­ð ·­ ¬¸» Ë×Ñ ­»¯«»²½» º±® ­ðò Ý±²­·¼»®ô º±® »¨¿³°´»ô ¿
¬»­¬ º±® ¬¸» ¬®¿²­·¬·±² ¬ ã ø­ïå¾ãº å­î÷ º®±³ ¬¸» »¨¿³°´»ò Í·²½» ¬ has ﬁnal state ­îô ¿²¼ ¬¸·­
­¬¿¬» ¸¿­ Ë×Ñ ¸¾ã»·ô ¬¸» ¬»­¬ ­»¯«»²½» ¸¿ã»å¾ãº å¾ã»· ·­ °®±¼«½»¼ò ß ¬»­¬ ­«·¬» ·­ ±¾¬¿·²»¼
by concatenating, for each transition, the transition’s test sequence preﬁxed with the reset
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that the reset may be difﬁcult to realize [Broekman and Notenboom 2003; Hierons 2004a;
Ç¿± »¬ ¿´ò ïççíÃò ß²±¬¸»® ¿°°®±¿½¸ô ©¸·½¸ ¼±»­ ²±¬ ®»´§ ±² ®»­»¬ ¬®¿²­·¬·±²­ ¾«¬ ¿­­«³»­
¬¸¿¬ × ¸¿­ ²± ³±®» ­¬¿¬»­ ¬¸¿² Úô ¾«·´¼­ ¬¸» ¬»­¬ ­«·¬» ¿­ ¿² ±°¬·³¿´ °¿¬¸ ¬¸¿¬ ½±²¬¿·²­ ¬»­¬
­»¹³»²¬­ º±® ¿´´ ¬®¿²­·¬·±²­ Åß¸± »¬ ¿´ò ïçèèÃò ß ¬»­¬ ­»¹³»²¬ º®±³ ¿ ¬®¿²­·¬·±² ¬ ´»¿ª·²¹
­¬¿¬» ­ ·­ ¿ ¬»­¬ ­»¯«»²½» º±® ¬ without the preﬁx that reaches state ­ò Ì¸»­» ¬»­¬ ­»¹³»²¬­
³¿§ ¾» ½±³¾·²»¼ô °±­­·¾´§ ¾§ ·²½´«¼·²¹ ¿¼¼·¬·±²¿´ ¬®¿²­·¬·±²­ô ¬± °®±¼«½» ¿ ­·²¹´» ¬»­¬
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×ò Ì¸»§ ½¿² ¬¸«­ ¾» ­»»² ¿­ ¾»·²¹ ¾¿­»¼ ±² ¬¸» ¬»­¬ ¸§°±¬¸»­»­ ¬¸¿¬ × ¸¿­ ²± ³±®» ­¬¿¬»­
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ÅÇ¿± »¬ ¿´ò ïççíÃ øË×ÑÙó³»¬¸±¼÷ò ×² »¿½¸ ½¿­» ¬¸» ®»­«´¬¿²¬ ¬»­¬ ­»¯«»²½» ·­ ¹«¿®¿²¬»»¼ ¬±
¼»¬»®³·²» ½±®®»½¬²»­­ ¿­ ´±²¹ ¿­ ¬¸» ¬»­¬ ¸§°±¬¸»­·­ ¸±´¼­ò Ûª»² ¬¸±«¹¸ ¾±¬¸ Üó­»¯«»²½»
¿²¼ Ë×Ñó­»¯«»²½»­ ¼± ²±¬ ¸¿ª» ¿ °±´§²±³·¿´ «°°»® ¾±«²¼ ÅÔ»» ¿²¼ Ç¿²²¿µ¿µ·­ ïççìÃô º±®
³¿²§ ¿°°´·½¿¬·±²­ ¬¸» ÚÍÓ­ «­»¼ ¼± ¸¿ª» ­¸±®¬ Ë×Ñó­»¯«»²½»­ º±® ¿´´ ­¬¿¬»­ ÅÍ¿¾²¿²· ¿²¼
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Ì¸» Üó³»¬¸±¼ ¿²¼ Ë×Ñó³»¬¸±¼ ¿­­«³» ¬¸¿¬ ¬¸» ÍËÌ ¸¿­ ²± ³±®» ­¬¿¬»­ ¬¸¿² ¬¸» ­°»½ó
iﬁcation FSM. Where this assumption might not hold, the Éó³»¬¸±¼ ½¿² ¾» «­»¼ò Ì¸»
Éó³»¬¸±¼ ®»´·»­ ±² ¿ ¬»­¬ ­«·¬» Æ °®±ª·¼»¼ ¾§ Æ ã Ïøº»¹ÅÈÅ æ æ æÈ³²õï÷Éå ©¸»®» Ï ·­
¿ ­¬¿¬» ½±ª»®ô » ·­ ¬¸» »³°¬§ ­¬®·²¹ô ³ ®»°®»­»²¬­ ¿² «°°»® ¾±«²¼ ±² ¬¸» ²«³¾»® ±º ­¬¿¬»­ ±º
¬¸» ÍËÌô ¿²¼ É ·­ ¿ ½¸¿®¿½¬»®·¦¿¬·±² ­»¬ ÅÝ¸±© ïçéèå Ê¿­·´»ª­µ·· ïçéíÃò Ì¸·­ ³»¬¸±¼ô ¬¸¿¬
¿­­«³»­ ¬¸¿¬ ¿ ®»­»¬ ¬®¿²­·¬·±² ·­ °®»­»²¬ ¿²¼ ½±®®»½¬´§ ·³°´»³»²¬»¼ô ¸¿­ º«´´ º¿«´¬ ½±ª»®¿¹»
®»´¿¬·ª» ¬± ¬¸» ¿­­«³°¬·±² ¬¸¿¬ ¬¸» ²«³¾»® ±º ­¬¿¬»­ ±º ¬¸» ÍËÌ ¼±»­ ²±¬ »¨½»»¼ ³ò Ý±²ó
­·¼»® ¬¸» »¨¿³°´»ô ­¬¿¬» ½±ª»® Ï ã º»å¸¿·å¸½·¹ ¿²¼ ½¸¿®¿½¬»®·¦¿¬·±² ­»¬ É ã º¸¿·å¸¾·¹ò
ß­­«³·²¹ ¬¸¿¬ ¬¸» ·³°´»³»²¬¿¬·±² ¸¿­ ²± ³±®» ¬¸¿² ì ­¬¿¬»­ô ©» ¹»¬ ¬¸» º±´´±©·²¹ ¬»­¬
­«·¬»æ º»å ¸¿·å¸½·¹øº»¹Å º¸¿·å¸¾·å ¸½·¹ Å º¸¿·å¸¾·å ¸½·¹º¸¿·å¸¾·å ¸½·¹÷º¸¿·å ¸¾·¹ò Í¸±®¬»®
test suites can often be obtained by using sets of preﬁxes of sequences from É º±® ¬¸»
identiﬁcation of the ﬁnal states of the transitions that do not appear in the state cover set
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Ø±©»ª»®ô ¬¸»­» ¿®» ­·³·´¿® ½±²½»°¬­ ¿²¼ ¿´³±­¬ ¿´´ ±º ¬¸» ¬»½¸²·¯«»­ º±® ¹»²»®¿¬·²¹ ¿ ¬»­¬
­«·¬» º®±³ ¿ ÜÚÍÓ «­» ¿ ½±³¾·²¿¬·±² ±º ¬¸» º±´´±©·²¹ ¬»­¬ ¸§°±¬¸»­»­ò
øï÷ ß´´ ¬®¿²­·¬·±²­ ±º × have the correct ﬁnal state.
øî÷ Ì¸» ­»¯«»²½»­ ¹»²»®¿¬»¼ º±® ½¸»½µ·²¹ ¬¸» ­¬¿¬»­ ±º Ú ¿®» ¿´­± »ºº»½¬·ª» ·² ½¸»½µ·²¹ ¬¸»
­¬¿¬»­ ±º ×ò
øí÷ × ¸¿­ ²± ³±®» ­¬¿¬»­ ¬¸¿² Úò
øì÷ × ¸¿­ ²± ³±®» ¬¸¿² ³ ­¬¿¬»­ º±® ¿ ¹·ª»² ·²¬»¹»® ³ò
øë÷ Ì¸»®» ·­ ¿ ®»­»¬ ±°»®¿¬·±² ¬¸¿¬ ·­ µ²±©² ¬± ¬¿µ» × ¾¿½µ ¬± ·¬­ ·²·¬·¿´ ­¬¿¬» ·®®»­°»½¬·ª» ±º
¬¸» ½«®®»²¬ ­¬¿¬»ò
ëòíòî Ð¿®¬·¿´ ÚÍÓ­ò Many real speciﬁcations are partial: they do not cover all possible
state-input combinations in the FSM speciﬁcation [Sidhu and Leung 1989]. Consequently
¿ partially deﬁned ÚÍÓ ·­ «­»¼ ·²­¬»¿¼ò Ü«» ¬± ª¿®·±«­ ·²¬»®°®»¬¿¬·±²­ ±º ¬¸» ³·­­·²¹
¬®¿²­·¬·±²­ô ½¿´´»¼ undeﬁned transitionsô ²±²ó½±®»ô ±® ¼±²ù¬ ½¿®»ô ¼·ºº»®»²¬ ­»³¿²¬·½­ ¸¿ª»
¾»»² ½±²­·¼»®»¼ Åª±² Þ±½¸³¿²² ¿²¼ Ð»¬®»²µ± ïççìÃò Ì¸»­» ¬®¿²­·¬·±²­ ³¿§ ¾» ½±²­·¼»®»¼
implicitly deﬁned ©¸·½¸ ³»¿²­ ¬¸¿¬ »·¬¸»® ¬¸»§ ¿®» ­«¾­¬·¬«¬»¼ ¾§ ´±±°·²¹ ¬®¿²­·¬·±²­ ©·¬¸
²«´´ ±«¬°«¬­ ±® ©·¬¸ ¬®¿²­·¬·±²­ ¹±·²¹ ¬± ¿² »®®±® ­¬¿¬» ¿²¼ §·»´¼·²¹ ¿² »®®±® ±«¬°«¬ò ×² ¬¸·­
way a complete FSM speciﬁcation is obtained and any of the testing strategies presented
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ëòíòí Ò±²¼»¬»®³·²·­¬·½ ÚÍÓ­ò ß² ÒÚÍÓ ½¿² ¾» ²±²¼»¬»®³·²·­¬·½ º±® ±²» ±® ³±®» ±º
¬¸» º±´´±©·²¹ ®»¿­±²­ ÅÝ¿ª¿´´· »¬ ¿´ò ïççêÃò Ú·®­¬ô º±® ¿ ­¬¿¬» ­ ¿²¼ ·²°«¬ ¨ ¬¸»®» ³¿§ ¾» ¬©±
±® ³±®» ¬®¿²­·¬·±²­ º®±³ ­ ©·¬¸ ·²°«¬ ¨ ©¸»®» ¿´´ ±º ¬¸»­» ¬®¿²­·¬·±²­ ¸¿ª» ¬¸» ­¿³» ±«¬°«¬ò
Í»½±²¼ô º±® ¿ ­¬¿¬» ­ ¿²¼ ·²°«¬ ¨ ¬¸»®» ³¿§ ¾» ¬©± ±® ³±®» ¬®¿²­·¬·±²­ º®±³ ­ ©·¬¸ ·²°«¬
¨ where these transitions have different output. If the only nondeterminism is of the ﬁrst
¬§°» ¬¸»² ·¬ ½¿² ¾» ¬®¿²­º±®³»¼ ±«¬ò Ø±©»ª»®ô ·º ¬¸» ­»½±²¼ ¬§°» ·­ °®»­»²¬ ¬¸»² ¬¸» ÒÚÍÓ
·­ ²±¬ »¯«·ª¿´»²¬ ¬± ¿²§ ÜÚÍÓ ÅÝ¿ª¿´´· »¬ ¿´ò ïççêÃò ß ¬¸·®¼ ­±«®½» ±º ²±²¼»¬»®³·²·­³ ·­
·²¬»®²¿´ ¬®¿²­·¬·±²­ ¬¸¿¬ ¸¿ª» ²± ·²°«¬å ·º ¿´´ ¬¸» ·²¬»®²¿´ ¿½¬·±²­ º®±³ ¿ ­¬¿¬» ¸¿ª» ¬¸» ­¿³»
output then it is equivalent to the ﬁrst case and otherwise it is equivalent to the second case
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Nondeterminism can arise in the speciﬁcation for several reasons. First, it can represent
²±²¼»¬»®³·²·­³ ¬¸¿¬ ·­ ®»¯«·®»¼ ·² ¬¸» ÍËÌ ×ô ·² ©¸·½¸ ½¿­» × ½±²º±®³­ ¬± Ú ·º ·¬ ·­ »¯«·ªó
¿´»²¬ ¬± Ú. Alternatively, nondeterminism can represent options. In this case it is sufﬁcient
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tions of conformance have been considered for process algebra speciﬁcations and these are
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In order to address the ﬁrst problem a fairness assumption (test hypothesis) is often made,
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Ò¿¬«®¿´´§ ¬¸» º¿·®²»­­ ¿­­«³°¬·±² ¸±´¼­ ·º ¬¸» ÍËÌ ·­ ¼»¬»®³·²·­¬·½ ¾«¬ ·¬ ·­ ²±¬ ½´»¿® ¸±© ·¬
can otherwise be justiﬁed. The second problem led to the concept of an observable NFSM
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channels have ﬁnite lengths. When inputs from the environment can be sent to the system
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ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
~ íï
±º Ú·æ ×² ±®¼»® ¬± ¿ª±·¼ ¬¸» ½±³¾·²¿¬±®·¿´ ­¬¿¬» »¨°´±­·±² ­±³» ³»¬¸±¼­ ¿·³ ¬± ¬»­¬ ¬¸»
¬®¿²­·¬·±²­ ±º ¬¸» ·²¼·ª·¼«¿´ ½±³°±²»²¬­ ÅØ·»®±²­ îððïÃò Ì¸» ÝÚÍÓ ³±¼»´ ·­ ¿´­± «­»¼ ¿­
¿ º®¿³»©±®µ º±® ¬»­¬·²¹ ¿² ÚÍÓ ·² ½±²¬»¨¬ ÅÐ»¬®»²µ± îððïÃò
ß² ¿´¬»®²¿¬·ª» ¿°°®±¿½¸ô ©¸·½¸ ¼±»­ ²±¬ ®»¯«·®» ¬¸» ÝÚÍÓ­ ¬± ¾» »¨°¿²¼»¼ô ·­ ½¿´´»¼
¬¸» Ø·¬ó±®óÖ«³° ¿´¹±®·¬¸³ ÅÝ¿ª¿´´· »¬ ¿´ò ïçççÃò Ì¸·­ ¿´¹±®·¬¸³ ¿·³­ ¬± °®±¼«½» ¿ ¬»­¬
­»¯«»²½» ¬¸¿¬ »¨»½«¬»­ »ª»®§ ¬®¿²­·¬·±² ±º ¿² ÍËÌ ß that is operating in a context deﬁned
¾§ ¿²±¬¸»® ³¿½¸·²» Ýò Ì¸·­ ¿´¹±®·¬¸³ ·­ ·¬»®¿¬·ª»ô ¬»®³·²¿¬·²¹ ©¸»² ¬¸» ­»¯«»²½» ½±²¬¿·²­
»ª»®§ ¬®¿²­·¬·±² ±º ßò ß¬ »¿½¸ ­¬¿¹» ¬¸» ¿´¹±®·¬¸³ ¿°°´·»­ ¿ ­»¿®½¸ô ©·¬¸ ¾±«²¼»¼ ¼»°¬¸ô º±®
¿ ­»¯«»²½» ¬¸¿¬ »¨»½«¬»­ ¿ ¬®¿²­·¬·±² ±º ß ¬¸¿¬ ¸¿­ ²±¬ §»¬ ¾»»² ½±ª»®»¼ò ×º ­«½¸ ¿ ­»¯«»²½»
·­ º±«²¼ ¬¸»² ¬¸·­ ·­ ¿ À¸·¬ùô ¬¸» ­»¯«»²½» ·­ ¿¼¼»¼ ¬± ¬¸» ½«®®»²¬ ¬»­¬ ­»¯«»²½» ¿²¼ ¬¸» ­»¿®½¸
®»°»¿¬­ò ×º ¿ ­»¯«»²½» ·­ ²±¬ º±«²¼ ¬¸»² ¿ ®¿²¼±³´§ ¹»²»®¿¬»¼ ­»¯«»²½»ô ¿ À¶«³°ù ·­ ¿¼¼»¼
¬± ¬¸» ½«®®»²¬ ­»¯«»²½» ¿²¼ ¬¸» °®±½»­­ ·­ ®»°»¿¬»¼ò
ëòíòë Û¨¬»²¼»¼ ÚÍÓ­ò Many ﬁnite state based speciﬁcations are actually »¨¬»²¼»¼
ÚÍÓ­ øÛÚÍÓ­÷ò ß² ÛÚÍÓ ·­ ¿² ÚÍÓ »¨¬»²¼»¼ ©·¬¸ ·²°«¬ ¿²¼ ±«¬°«¬ °¿®¿³»¬»®­ô ½±²¬»¨¬
variables, operations and predicates deﬁned over context variables and input parameters
ÅÐ»¬®»²µ± »¬ ¿´ò ïçççÃò ×¬ ·­ °±­­·¾´» ¬± ¿°°´§ ¿ «²·º±®³·¬§ ¸§°±¬¸»­·­ ¬± ¬¸» ¼¿¬¿ ¿²¼ ¹»²ó
»®¿¬» ¿ ­»¬ ±º ¬»­¬ ­»¯«»²½»­ º®±³ ¬¸» ÚÍÓ °®±¼«½»¼ ¾§ ¿¾­¬®¿½¬·²¹ ±«¬ ¬¸» ¼¿¬¿ º®±³ ¬¸»
ÛÚÍÓò Ì¸·­ ½¿² ¾» ­»»² ¿­ ¬»­¬·²¹ ¬¸» ½±²¬®±´ ­¬®«½¬«®» ±º ¬¸» ÍËÌò Ø±©»ª»®ô ¬¸» °¿¬¸­
½¸±­»² ²»»¼ ²±¬ ¾» º»¿­·¾´» ·² ¬¸» ÛÚÍÓò Î»½»²¬ ©±®µ ¸¿­ ­¸±©² ¸±© ¬¸» º»¿­·¾´» °¿¬¸
°®±¾´»³ ½¿² ¾» ±ª»®½±³» º±® ÛÚÍÓ­ ·² ©¸·½¸ ¿´´ ±°»®¿¬·±²­ ¿²¼ ¹«¿®¼­ ¿®» ´·²»¿® ÅË§¿®
¿²¼ Ü«¿´» ïçççå Ü«¿´» ¿²¼ Ë§¿® îððìÃò
×º ©» ¼± ²±¬ ¿°°´§ ¬¸·­ «²·º±®³·¬§ ¸§°±¬¸»­·­ ¬¸»² ¬»­¬·²¹ ¿² ÛÚÍÓ ³»¿²­ ¬»­¬·²¹ ¾±¬¸
½±³°±²»²¬­ ±º ·¬æ ¬¸» ½±²¬®±´ °±®¬·±² ¿²¼ ¬¸» ¼¿¬¿ °±®¬·±² ÅÐ»¬®»²µ± »¬ ¿´ò îððìå Ë®¿´ »¬ ¿´ò
îðððÃò Ì¸»­» ¬©± °¿®¬­ ³¿§ ¾» ­»»² ¿­ ¾»·²¹ ¼·­¬·²½¬ »´»³»²¬­ ¬¸¿¬ ¿®» ·²¼»°»²¼»²¬´§
tested: the FSM-based methods may be applied for the control part and data ﬂow testing
³»¬¸±¼­ ¿®» «­»¼ º±® ¬¸» ¼¿¬¿ °¿®¬ ÅË®¿´ »¬ ¿´ò îðððÃò ß´¬»®²¿¬·ª»´§ô ­±³»¬·³»­ ¿² ÛÚÍÓ
½¿² ¾» ¬®¿²­º±®³»¼ ·²¬± ¿² »¯«·ª¿´»²¬ ÚÍÓ ÅÐ»¬®»²µ± »¬ ¿´ò ïçççÃò Ì¸»­» ³»¬¸±¼­ ±º¬»² ®«²
·²¬± ¬¸» ©»´´ µ²±©² ­¬¿¬» »¨°´±­·±² °®±¾´»³ ÅÔ»» ¿²¼ Ç¿²²¿µ¿µ·­ ïççêÃå ·² ­±³» ½¿­»­
¬¸»®» ¿®» ³±®» »ºº»½¬·ª» ³»¬¸±¼­ ÅÐ»¬®»²µ± »¬ ¿´ò ïçççÃò ×² ¬¸» ½±²¬»¨¬ ±º Èó³¿½¸·²»­ô
©¸·½¸ ¿®» ¿ ©¿§ ±º ¼»­½®·¾·²¹ ÛÚÍÓ­ ÅÛ·´»²¾»®¹ ïçéìÃô ¿ ­»¬ ±º ¬»­¬ ¸§°±¬¸»­»­ ¸¿ª»
been proposed. These test hypotheses, also called design for test conditions, signiﬁcantly
­·³°´·º§ ¬¸» ¬»­¬ ¹»²»®¿¬·±² °®±¾´»³ ¿²¼ »´·³·²¿¬» ¬¸» º»¿­·¾´» °¿¬¸ ¿²¼ ­¬¿¬» »¨°´±­·±²
°®±¾´»³­ ÅØ±´½±³¾» ¿²¼ ×°¿¬» ïççèå ×°¿¬» ¿²¼ Ø±´½±³¾» ïççéå Ø·»®±²­ ¿²¼ Ø¿®³¿²
îðððå îððìå ×°¿¬» ¿²¼ Ø±´½±³¾» îðððå Þ¿´¿²»­½« »¬ ¿´ò ïçççÃò
Ì¸» ¬»½¸²·¯«»­ ¼»­½®·¾»¼ ¿¾±ª» ¿´´ ¿·³ ¬± °®±¼«½» ¿ ¬»­¬ ­»¯«»²½» ¬¸¿¬ ·² ­±³» ­»²­»
covers the speciﬁcation EFSM. However, they can suffer from the state explosion prob-
´»³ ¿²¼ ¬¸» º»¿­·¾´» °¿¬¸ °®±¾´»³ «²´»­­ ­¬®±²¹ ®»­¬®·½¬·±²­ ¿®» ¿°°´·»¼ò ß² ¿´¬»®²¿¬·ª»
¿°°®±¿½¸ ¸¿­ ¾»»² °®±°±­»¼ ·² ©¸·½¸ ¿ ­»¬ ±º ¬»­¬ °«®°±­»­ ·­ °®±¼«½»¼ ¿²¼ º±® »¿½¸ ¬»­¬
purpose we generate a test case that satisﬁes the test purpose. A test purpose is a descrip-
¬·±² ±º ¬¸» ®»¯«·®»³»²¬ º±® ¿ ¬»­¬ô ­«½¸ ¿­ »¨»½«¬·²¹ ¿ °¿®¬·½«´¿® ¬®¿²­·¬·±² ±® ­±³» ­»¯«»²½»
of transitions. A test purpose can be represented by a ﬁnite state automaton and a test case
¬¸»² ¿«¬±³¿¬·½¿´´§ ¹»²»®¿¬»¼ ¾§ ¿°°´§·²¹ ®»¿½¸¿¾·´·¬§ ¿²¿´§­·­ ¬± ¬¸» °®±¼«½¬ ±º ¬¸» ¬»­¬
purpose and the speciﬁcation. While this reachability analysis can suffer from the state
explosion problem, it has been found that tools such as TGV that apply an on-the-ﬂy ap-
°®±¿½¸ ¿®» ±º¬»² »ºº»½¬·ª» ·² °®¿½¬·½» ÅÕ»®¾®¿¬ »¬ ¿´ò ïçççå Ö¿®¼ ¿²¼ Öl»®±² îððëÃò Ì§°·½¿´´§
¬¸» ¬»­¬ °«®°±­»­ ¿®» °®±ª·¼»¼ ¾§ ¬¸» ¬»­¬»® ¾«¬ ¬¸»§ ½¿² ¾» ¹»²»®¿¬»¼ ¿«¬±³¿¬·½¿´´§ º®±³
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
íî ~
an EFSM speciﬁcation for a given test criterion such as executing all transitions [Kerbrat
»¬ ¿´ò ïçççÃò ß² ¿´¬»®²¿¬·ª»ô ³±®» ®»­¬®·½¬»¼ô ¬§°» ±º ¬»­¬ °«®°±­» ·­ ¿ ®»¯«·®»¼ ­»¯«»²½» ±º
·²¬»®¿½¬·±²­ ©¸·½¸ ½¿² ¾» ¼»­½®·¾»¼ ¿­ ¿ ³»­­¿¹» ­»¯«»²½» ½¸¿®¬ øÓÍÝ÷ò Ì¸»®» ¿®» ¬±±´­
such as AUTOLINK that apply reachability analysis to the product of the speciﬁcation and
¿² ÓÍÝ ·² ±®¼»® ¬± °®±¼«½» ¿ ¬»­¬ ­»¯«»²½» ÅÍ½¸³·¬¬ »¬ ¿´ò ïççèÃò
Some attempts have been made to convert speciﬁcations made in the context of other
º±®³¿´ ³±¼»´­ ·²¬± ÚÍÓ »¯«·ª¿´»²¬ ¼»­½®·°¬·±²­ ·² ±®¼»® ¬± «­» ¬»­¬·²¹ ³»¬¸±¼­ ¾¿­»¼ ±²
ÚÍÓ­ò Ì¸·­ ·²½´«¼»­ ³»¬¸±¼­ º±® ½±²ª»®¬·²¹ ª¿®·¿²¬­ ±º Æ ÅÜ·½µ ¿²¼ Ú¿·ª®» ïççíå Ü»®®·½µ
¿²¼ Þ±·¬»² ïçççå Ø·»®±²­ ïççé¾Ãô Í¬¿¬»½¸¿®¬­ ÅÞ±¹¼¿²±ª îðððå Ø·»®±²­ »¬ ¿´ò îððïÃô ¿²¼
SDL [von Bochmann et al. 1997] speciﬁcations into equivalent FSMs models.
ëòì Ý¿­» ­¬«¼·»­ ¿²¼ Ì±±´­
ëòìòï ß°°´§·²¹ ¹®¿°¸ ¾¿­»¼ ³»¬¸±¼­ ¬± °®±¬±½±´­ò Í·¼¸« ¿²¼ Ô»«²¹ ÅÍ·¼¸« ¿²¼ Ô»«²¹
ïçèçÃ ®»°±®¬»¼ ±² »¨°»®·³»²¬­ ·² ©¸·½¸ ¬¸»§ ¿°°´·»¼ º±«® ­¬¿²¼¿®¼ ¬»­¬ ¬»½¸²·¯«»­æ ¬¸» ÌÌó
³»¬¸±¼ô ¬¸» Üó³»¬¸±¼ô ¬¸» Ë×Ñó³»¬¸±¼ô ¿²¼ ¬¸» Éó³»¬¸±¼ò Ì¸»§ °»®º±®³»¼ »¨°»®·³»²¬­
«­·²¹ ¬©± ÚÍÓ­ô ±²» ±º ©¸·½¸ ©¿­ ¿ ­³¿´´ ÚÍÓ ¬¸»§ ½®»¿¬»¼ ©¸·´» ¬¸» ­»½±²¼ ©¿­ ¿
¬®¿²­°±®¬ °®±¬±½±´ò Ú±® »¿½¸ ÚÍÓ ¬¸»§ ®¿²¼±³´§ ¹»²»®¿¬»¼ ¿ ´¿®¹» ²«³¾»® ±º º¿«´¬§ ÚÍÓ­
¿²¼ »ª¿´«¿¬»¼ ¬¸» ¬»½¸²·¯«»­ ¾§ ¿°°´§·²¹ ¬¸» ½±®®»­°±²¼·²¹ ¬»­¬ ­»¯«»²½»­ ¬± ¬¸»­» º¿«´¬§
³¿½¸·²»­ò Ì¸»§ º±«²¼ ¬¸¿¬ ¬¸» ¬»­¬ ­»¯«»²½» ¹»²»®¿¬»¼ «­·²¹ ¬¸» ÌÌó³»¬¸±¼ ³·­­»¼ ­±³»
º¿«´¬§ ³¿½¸·²»­ ©¸·´» ¬¸» ¬»­¬ ­»¯«»²½»­ ¹»²»®¿¬»¼ «­·²¹ ¬¸» ±¬¸»® ³»¬¸±¼­ º±«²¼ ¿´´ º¿«´¬§
³¿½¸·²»­ò Ø±©»ª»®ô ¬¸»­» »¨°»®·³»²¬­ ±²´§ ½±²­·¼»®»¼ ¬©± ­³¿´´ ÚÍÓ­æ ±²» ©·¬¸ ë ­¬¿¬»­ô
¬¸» ±¬¸»® ©·¬¸ ïë ­¬¿¬»­ò Ì¸» ­¬®»²¹¬¸ ±º ¬¸·­ ­¬«¼§ ·­ ¬¸» ´¿®¹» ²«³¾»® ±º º¿«´¬§ ³¿½¸·²»­
¹»²»®¿¬»¼æ ¿ ¬±¬¿´ ±º ïð ³·´´·±² º±® ¬¸» ÚÍÓ ©·¬¸ ë ­¬¿¬»­ ¿²¼ ïððåððð º±® ¬¸» ÚÍÓ ©·¬¸
ïë ­¬¿¬»­ò
Ì»­¬ ­»¯«»²½» ¹»²»®¿¬·±²ô «­·²¹ Ë×Ñ­ô ¸¿­ ¾»»² ®»°®»­»²¬»¼ ¿­ ¿ ¼·¹®¿°¸ ±°¬·³·¦¿¬·±²
°®±¾´»³ Åß¸± »¬ ¿´ò ïçèèÃò Ì¸» ¿«¬¸±®­ ®»°±®¬ ±² ¬¸»·® »¨°»®·»²½» ±º «­·²¹ ¬¸·­ ¿°°®±¿½¸ ·²
ßÌúÌ Þ»´´ Ô¿¾±®¿¬±®·»­ò Ì¸»§ ­¬¿¬» ¬¸¿¬ °®¿½¬·½¿´ »¨°»®·»²½» ­¸±©»¼ ¿ ®»¼«½¬·±²ô ±º ¬»­¬
­»¯«»²½» ´»²¹¬¸ô ±º ¿¬ ´»¿­¬ ¿ º¿½¬±® ±º ¬¸®»»ò Ø±©»ª»®ô ¬¸»§ ¼± ²±¬ ®»°±®¬ ¼»¬¿·´­ ®»¹¿®¼·²¹
¬¸» ­§­¬»³­ ¬»­¬»¼ ·² ¬¸·­ ©¿§ ±® ­¬¿¬» ©¸¿¬ ·³°¿½¬ ¬¸·­ ¸¿¼ ±² ¬»­¬ »ºº»½¬·ª»²»­­ò
ëòìòî ß °®±¬±½±´ º±® ³·´·¬¿®§ ³±¾·´» ®¿¼·±­ò Ë§¿® »¬ ¿´ò ÅË§¿® »¬ ¿´ò îððíÃ ¼»­½®·¾»
¿ ®»½»²¬ ¿°°´·½¿¬·±² ±º Ë×Ñ­ ¿²¼ ¼·¹®¿°¸ ±°¬·³·¦¿¬·±² ¿´¹±®·¬¸³­ ¬± ¿ °®±¬±½±´ º±® ³·´·ó
tary mobile radios [(MIL-STD 188-220B) 1998]. The protocol was speciﬁed using in the
order of 20,000 lines of the formal speciﬁcation language Estelle [ISO 1989b] and was
»ºº»½¬·ª»´§ ·² ¬¸» º±®³ ±º ¿ ­»¬ ±º ½±³³«²·½¿¬·²¹ ÛÚÍÓ­ ©·¬¸ ¬·³»®­ò
Ì»­¬ ­»¯«»²½»­ ©»®» ¿«¬±³¿¬·½¿´´§ ¹»²»®¿¬»¼ ·² ¬¸» º±´´±©·²¹ ³¿²²»®ò Ì¸» ÛÚÍÓ­ ©»®»
®»©®·¬¬»² ø¾§ ¿ ¬±±´÷ ·²¬± ¿ º±®³ ·² ©¸·½¸ »ª»®§ °¿¬¸ ·­ º»¿­·¾´»ò É¸·´» ¬¸» °®±¾´»³ ±º
¼»½·¼·²¹ ©¸»¬¸»® ¿ °¿¬¸ ·­ º»¿­·¾´» ·­ ¹»²»®¿´´§ «²½±³°«¬¿¾´»ô ¬¸» ¿«¬¸±®­ ®»­¬®·½¬»¼ ¬¸»·®
¿°°®±¿½¸ ¬± ½¿­»­ ©¸»®» ±°»®¿¬·±²­ ¿²¼ ¹«¿®¼­ ¿®» ´·²»¿®ò Ì¸» ®»©®·¬·²¹ ¿ª±·¼»¼ ¬¸» ­¬¿¬»
»¨°´±­·±² °®±¾´»³ ¬¸¿¬ ±½½«®­ ©¸»² ÛÚÍÓ­ ¿®» ®»©®·¬¬»² ¬± º±®³ ÚÍÓ­ò Ì¸» ¼·¹®¿°¸
±°¬·³·¦¿¬·±² ¿´¹±®·¬¸³ ±º ß¸± »¬ ¿´ò Åß¸± »¬ ¿´ò ïçèèÃ ©¿­ ¿°°´·»¼ ¬± ¬¸» »¨°¿²¼»¼ ÛÚÍÓ­ô
«­·²¹ ¬¸» ®½°¬ ¬±±´ô ·² ¬¸» µ²±©´»¼¹» ¬¸¿¬ ¬¸» ®»­«´¬¿²¬ °¿¬¸­ ©»®» ¹«¿®¿²¬»»¼ ¬± ¾» º»¿­·¾´»ò
Ì¸·­ °®±½»­­ ®»­«´¬»¼ ·² ·² ¬¸» ±®¼»® ±º ïðôððð ¬»­¬­ò Ì¸» ¿«¬¸±®­ º±«²¼ ¬¸¿¬ ¬¸»­» ¬»­¬­ ¹¿ª»
·² »¨½»­­ ±º ¿ îððû ·²½®»¿­» ·² ¬¸» ²«³¾»® ±º ¬®¿²­·¬·±²­ ½±ª»®»¼ ·² ¬»­¬·²¹ò Ì¸»§ ¿´­±
®»°±®¬ ¬¸¿¬ ¬¸» ¬»­¬­ ¿®» ¾»·²¹ ¿°°´·»¼ ·² °®¿½¬·½» ¿²¼ ¸¿ª» «²½±ª»®»¼ ®»¿´ º¿«´¬­ò
ëòìòí ß² ×²¬»´´·¹»²¬ Ò»¬©±®µ ­»®ª·½»ò Ì¸» Ø·¬ó±®óÖ«³° ³»¬¸±¼ ©¿­ »ª¿´«¿¬»¼ ±² ¿²
Intelligent Network service [Cavalli et al. 1999]. This system was speciﬁed in about
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
~ íí
íôððð ´·²»­ ±º ÍÜÔò Ì¸» ¿«¬¸±®­ ®»°±®¬ ¬¸¿¬ ¬¸» Ø·¬ó±®óÖ«³° ¿°°®±¿½¸ ·³°´»³»²¬»¼ ·² ¬¸»
ÌÛÍÌÙÛÒóÍÜÔ ¬±±´ ½±ª»®»¼ ¿´´ ±º ¬¸» ¬®¿²­·¬·±²­ ±º ¬¸» ½±³°±²»²¬ ±º ·²¬»®»­¬ «­·²¹ ¿ ¬»­¬
­»¯«»²½» ±º ´»²¹¬¸ ïëð ©¸·´» ¿ ®¿²¼±³ ©¿´µ ®»¯«·®»¼ ¿ ¬»­¬ ­»¯«»²½» ±º ´»²¹¬¸ ïôìðîò Ì¸»
¿°°®±¿½¸ ©¿­ ²±¬ ¼·®»½¬´§ ½±³°¿®»¼ ©·¬¸ ¬¸±­» ¬¸¿¬ °®±¼«½» ¬¸» »²¬·®» ­¬¿¬» ­°¿½» «­·²¹
®»¿½¸¿¾·´·¬§ ¿²¿´§­·­ò ×²­¬»¿¼ô ¿² ¿¬¬»³°¬ ©¿­ ³¿¼» ¬± ¹»²»®¿¬» ¬¸·­ ­¬¿¬» ­°¿½» ¾«¬ ¬¸·­ ©¿­
¬»®³·²¿¬»¼ ¿¬ ¿ °±·²¬ ©¸»² ¬¸»®» ©»®» ±ª»® ¬©± ³·´´·±² ¬®¿²­·¬·±²­ ¿²¼ ±ª»® ¸¿´º ¿ ³·´´·±²
­¬¿¬»­ò Ì¸» ¿«¬¸±®­ ±¾­»®ª»¼ ¬¸¿¬ ¾§ ¬»®³·²¿¬·²¹ ¿¬ ¬¸·­ °±·²¬ ¬¸»§ ¸¿¼ ½±ª»®»¼ ´»­­ ¬¸¿¬
ëðû ±º ¬¸» ¬®¿²­·¬·±²­ ±º ¬¸» ·²¼·ª·¼«¿´ ½±³°±²»²¬­ò
ëòìòì Ð±½µ»¬ ÐÝ ¿°°´·½¿¬·±²­ò Û´óÚ¿® »¬ ¿´ò ÅÛ´óÚ¿® »¬ ¿´ò îððïÃ ¼»­½®·¾» ¬¸» ¿°°´·½¿ó
¬·±² ±º ¿ ³±¼»´ó¾¿­»¼ ¬»­¬·²¹ ¿°°®±¿½¸ô ¾¿­»¼ ±² ÚÍÓ­ô ¬± ­»ª»®¿´ Ð±½µ»¬ ÐÝ ¿°°´·½¿¬·±²
­«°°´·»¼ ¾§ Ó·½®±­±º¬ò ×² ±®¼»® ¬± °®±¼«½» ÚÍÓ­ ¬¸»§ ¸¿¼ ¬± ¿°°´§ ­±³» ®»­¬®·½¬·±²­ô ­«½¸
¿­ °«¬¬·²¹ ¿² «°°»® ¾±«²¼ ±² ¬¸» ²«³¾»® ±º ³»­­¿¹»­ ·² ¿² ×²¾±¨ ¿°°´·½¿¬·±²ò Ì¸»§ ®»°±®¬
¬¸¿¬ ©¸»² ¬¸»§ ¿°°´·»¼ ¬¸·­ ¿«¬±³¿¬»¼ ¬»­¬·²¹ ¿°°®±¿½¸ ¬± ¿ ­§­¬»³ ²»¿® ®»´»¿­» ¬¸»§ º±«²¼
­±³» ®»¿´ º¿«´¬­ò Ø±©»ª»®ô ¬¸»§ ¼± ²±¬ ­¿§ ©¸·½¸ ¬»­¬ ­»¯«»²½» ¹»²»®¿¬·±² ¬»½¸²·¯«»­
were applied, stating that this was conﬁdential. They also made no attempt to compare the
®»­«´¬­ ©·¬¸ ±¬¸»® ¬»½¸²·¯«»­ò
ëòìòë ßÙÛÜ×Í ½¿­» ­¬«¼·»­ò ßÙÛÜ×Í øß«¬±³¿¬»¼ Ù»²»®¿¬·±² ¿²¼ Û¨»½«¬·±² ±º Ì»­¬
Í«·¬»­ ·² Ü·­¬®·¾«¬»¼ Ý±³°±²»²¬ó¾¿­»¼ Í±º¬©¿®»÷ ©¿­ ¿ ¬¸®»»ó§»¿® °®±¶»½¬ ¬¸¿¬ ·²ª»­¬·¹¿¬»¼
the use of model-based testing. This used the speciﬁcation language of the GOTCHA tool
[Benjamin et al. 1999] which is based on ﬁnite automata (using an imperative programming
language). GOTCHA generates test sequences to provide coverage of a speciﬁcation’s
­¬¿¬»­ ¿²¼ ¬®¿²­·¬·±²­ò ß ®»´¿¬»¼ ¿°°®±¿½¸ ¸¿­ ¾»»² ¼»ª»´±°»¼ ¾§ ®»­»¿®½¸»®­ ¿¬ Ó·½®±­±º¬
©¸± °®±¼«½»¼ ¿ ¬±±´ ¬¸¿¬ ¹»²»®¿¬»­ ¿² ÚÍÓ º®±³ ¿² ß¾­¬®¿½¬ Í¬¿¬» Ó¿½¸·²» Ô¿²¹«¿¹»
(AsmL) speciﬁcation and generates test sequences on the basis of this [Barnett et al. 2003].
Craggs et al. [Craggs et al. 2003] report on ﬁve case studies performed within the
ßÙÛÜ×Í °®±¶»½¬å ¿´´ «­»¼ ®»¿´ ·²¼«­¬®·¿´ ­§­¬»³­ °®±ª·¼»¼ ¾§ °¿®¬²»®­ò Ì©± ±º ¬¸» ½¿­»
­¬«¼·»­ ©»®» ½¿®®·»¼ ±«¬ ·² ¬¸» »¿®´§ ­¬¿¹»­ ±º ßÙÛÜ×Í ¿²¼ ¾»º±®» ¿²§ ¬±±´­ ¸¿¼ ¾»»² ¼»ó
ª»´±°»¼ò Ì¸» ¬¸®»» ±¬¸»® °®±¶»½¬­ «­»¼ ßÙÛÜ×Í ¬±±´­ò Ì¸» ßÙÛÜ×Í ¬±±´­ «­» ¬¸» ßÙÛÜ×Í
Ó±¼»´´·²¹ Ô¿²¹«¿¹» øßÓÔ÷ ©¸·½¸ ·­ ­·³·´¿® ¬± ËÓÔò Ì»­¬ ¹»²»®¿¬·±² «­»¼ ®»¿½¸¿¾·´·¬§
¿²¿´§­·­ ¾¿­»¼ ±² ¿ ³±¼»´ ¿²¼ ¿ ¬»­¬ °«®°±­»ò
ß ²«³¾»® ±º ·²¬»®»­¬·²¹ ±¾­»®ª¿¬·±²­ ©»®» ³¿¼» ¿²¼ ©» ¼»­½®·¾» ¬©± ±º ¬¸»­» ¸»®»ò
É¸»² ¬»­¬·²¹ °¿®¬ ±º ¿ Ì®¿²­·¬ Ý±³°«¬»®·¦¿¬·±² Ð®±¶»½¬ô ·¬ ©¿­ º±«²¼ ¬¸¿¬ ¬¸» ­·¦» ±º
the SDL requirements speciﬁcation made automated test sequence generation difﬁcult. A
³±¼»´ °®±¼«½»¼ ·² ¬¸» ÙÑÌÝØß ¬±±´ º±® ¬¸» °«®°±­» ±º ¬»­¬·²¹ ©¿­ ³«½¸ ­·³°´»®æ ·¬ ¸¿­
ëé ­¬¿¬»­ ¿²¼ ïíé ¬®¿²­·¬·±²­ ·² ½±²¬®¿­¬ ¬± ¬¸» ëððåððð ­¬¿¬»­ ¿²¼ èððåððð ¬®¿²­·¬·±²­ °®±ó
duced from the SDL speciﬁcation. Thus, a model produced for the purpose of supporting
testing was found (in testing) to be more useful than the requirements speciﬁcation. How-
»ª»®ô ²± ®»­«´¬­ ©»®» °«¾´·­¸»¼ ®»¹¿®¼·²¹ ¬¸» »ºº»½¬·ª»²»­­ ±º ¬¸» ¬»­¬ ­»¯«»²½»­ò É¸»²
½±²­·¼»®·²¹ ¿ ²±²ó¼»¬»®³·²·­¬·½ ³±¼»´ô º±® ¿ °«¾´·­¸ó­«¾­½®·¾» ­§­¬»³ô ·¬ ©¿­ º±«²¼ ¬¸¿¬
·¬ ©¿­ ¸»´°º«´ ·º ¬¸» ¬»­¬ ­«·¬»­ ©»®» ²±¬ °®»­»¬æ ¬¸»§ ©»®» ·³°´»³»²¬»¼ «­·²¹ ¿ ¬±±´ ¬¸¿¬
¼»¬»®³·²»­ ©¸·½¸ ·²°«¬ ¬± ¿°°´§ ²»¨¬ ±² ¬¸» ¾¿­·­ ±º ¬¸» °®»ª·±«­ ·²°«¬ñ±«¬°«¬ ª¿´«»­ò
ëòìòê ß ²»¬©±®µ ½±²¬®±´´»®æ Ó»¼·¿ Ñ®·»²¬»¼ Í§­¬»³­ Ì®¿²­°±®¬ øÓÑÍÌ÷ò Ð®»¬­½¸²»®
»¬ ¿´ò ÅÐ®»¬­½¸²»® »¬ ¿´ò îððëÃ ·²ª»­¬·¹¿¬»¼ ¬¸» »ºº»½¬·ª»²»­­ ±º ³±¼»´ó¾¿­»¼ ¬»­¬·²¹ò Ì¸»§
¿°°´·»¼ ³¿²«¿´ ¿²¼ ¿«¬±³¿¬»¼ ¬»­¬ ¹»²»®¿¬·±²ô ·² »¿½¸ ½¿­» ©·¬¸ ±® ©·¬¸±«¬ ¿ ³±¼»´ò Ì¸»
­§­¬»³ ½±²­·¼»®»¼ ©¿­ ¿ ²»¬©±®µ ½±²¬®±´´»®ô Ó»¼·¿ Ñ®·»²¬»¼ Í§­¬»³­ Ì®¿²­°±®¬ øÓÑÍÌ÷ô
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
íì ~
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Ì¸·­ ©¿­ ³±¼»´´»¼ ¿­ ¿ ­»¬ ±º ¬©»´ª» ½±³³«²·½¿¬·²¹ ÛÚÍÓ­ò Ì¸» ¿«¬¸±®­ ­¬¿¬» ¬¸¿¬ ©¸»²
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Ú±® ³±¼»´ó¾¿­»¼ ¬»­¬·²¹ô ¬¸» ßËÌÑÚÑËÍ ¬±±´ ÅØ«¾»® »¬ ¿´ò ïççéÃ ©¿­ «­»¼ ·² ±®¼»® ¬±
°®±¼«½» ¬¸» ³±¼»´ ¿²¼ ½±²­¬®¿·²¬ ´±¹·½ °®±¹®¿³³·²¹ ©¿­ «­»¼ ¬± ¹»²»®¿¬» ¬»­¬ ½¿­»­ º®±³
the model and test speciﬁcations. The authors found that the process of producing a formal
model identiﬁed problems with the requirements. The tests produced on the basis of a
³±¼»´ ©»®» º±«²¼ ¬± ¾» ³±®» »ºº»½¬·ª» ¬¸¿² ¬¸±­» °®±¼«½»¼ ©·¬¸±«¬ ¿ ³±¼»´æ ¬¸»§ º±«²¼
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¬¸» ³±¼»´ò Ì¸» ¬»­¬­ °®±¼«½»¼ º®±³ ¿ ³±¼»´ «­·²¹ ¿«¬±³¿¬»¼ ¿²¼ ³¿²«¿´ ¿°°®±¿½¸»¼ ©»®»
equally effective when the test size was ﬁxed. More errors were found when automated
¬»­¬ ¹»²»®¿¬·±² ©¿­ «­»¼ ¬± °®±¼«½» ¿ ´¿®¹»® ¬»­¬ ­»¬ ø¿² »¨¬®¿ ïïû ©·¬¸ ¿ ¬»­¬ ­»¬ ±º ­·¨
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¹»²»®¿¬·±² ±² ·¬­ ±©²ò
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°®±¼«½» ¬»­¬ ½¿­»­ ¬¸¿¬ ­¿¬·­º§ ¹·ª»² ¬»­¬ °«®°±­»­ ø­»»ô º±® »¨¿³°´»ô ÅÕ»®¾®¿¬ »¬ ¿´ò ïçççÃ÷ò
Ì§°·½¿´´§ ¬¸» ¬»­¬ °«®°±­»­ ¿®» °®±ª·¼»¼ ¾§ ¬¸» ¬»­¬»® ¾«¬ ·¬ ¸¿­ ¾»»² ±¾­»®ª»¼ ¬¸¿¬ ¬¸»­»
½¿² ¾» ¹»²»®¿¬»¼ ¿«¬±³¿¬·½¿´´§ «­·²¹ ¿ ¬±±´ ­«½¸ ¿­ ÌÊÛÜß ÅÕ»®¾®¿¬ »¬ ¿´ò ïçççÃ÷ò ß² ¿´ó
¬»®²¿¬·ª»ô ³±®» ®»­¬®·½¬»¼ô ¬§°» ±º ¬»­¬ °«®°±­» ·­ ¿ ®»¯«·®»¼ ­»¯«»²½» ±º ·²¬»®¿½¬·±²­ ©¸·½¸
½¿² ¾» ¼»­½®·¾»¼ ¿­ ¿ ³»­­¿¹» ­»¯«»²½» ½¸¿®¬ øÓÍÝ÷ò Ì¸»®» ¿®» ¬±±´­ ­«½¸ ¿­ ßËÌÑÔ×ÒÕ
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Ì¸·­ ­»½¬·±² ¸¿­ ®»ª·»©»¼ ¬¸» ´·¬»®¿¬«®» ±² ¬»­¬·²¹ ­±º¬©¿®» ±² ¬¸» ¾¿­·­ ±º ¿² ÚÍÓ ³±¼»´
or speciﬁcation. This is an area that has received much attention and that contains many
®»´»ª¿²¬ ®»­«´¬­ò Ì¸» ·²¬»®»­¬ ¸¿­ ¾»»² ³±¬·ª¿¬»¼ ¾§ ¬¸» ©·¼»­°®»¿¼ «­» ±º ­¬¿¬»ó¾¿­»¼
speciﬁcations and in particular their use in specifying communications protocols. More
®»½»²¬´§ô ÚÍÓ­ ¸¿ª» ¾»»² «­»¼ ·² ³±¼»´ó¾¿­»¼ ¬»­¬·²¹ò
Most work in the area of testing from ﬁnite state-based models does not discuss test
¸§°±¬¸»­»­ ¾«¬ ·²­¬»¿¼ ½±²­·¼»®­ º¿«´¬ ³±¼»´­ò Ø±©»ª»®ô º¿«´¬ ³±¼»´­ ¿®» ¿² »¨¬®»³»´§
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³¿¼» ·² ÚÍÓ ¾¿­»¼ ¬»­¬·²¹ ¿®» ­·³·´¿® ¬± ¬¸» ¬»­¬ ¸§°±¬¸»­»­ ±º Ù¿«¼»´ò Ú±® »¨¿³°´»ô ¬¸»
¿­­«³°¬·±² ©¸»² ¬»­¬·²¹ º®±³ ¿² ÚÍÓ ©·¬¸ ² ­¬¿¬»­ ¬¸¿¬ ¬¸» ÍËÌ ¾»¸¿ª»­ ´·µ» ¿² «²µ²±©²
ÚÍÓ ©·¬¸ ¿¬ ³±­¬ ³ ­¬¿¬»­ ½¿² ¾» ­»»² ¿­ ¿ ®»¹«´¿®·¬§ ¸§°±¬¸»­·­æ ·º ¬¸·­ ¸±´¼­ ¿²¼ ¬¸»
ÍËÌ ·­ º¿«´¬§ ¬¸»² ¬¸»®» »¨·­¬­ ¿² ·²°«¬ ­»¯«»²½» ±º ´»²¹¬¸ ¿¬ ³±­¬ ³ õ²ï ¬¸¿¬ ´»¿¼­ ¬±
¿ º¿·´«®»ò É¸»² ¬»­¬·²¹ º®±³ ¿² ÛÚÍÓ ·¬ ·­ ½±³³±² ¬± ¿°°´§ ¿ «²·º±®³·¬§ ¸§°±¬¸»­·­ ±²
¬¸» ¼¿¬¿ò
Ì¸» ´¿½µ ±º »¨°®»­­·ª»²»­­ ±º ÚÍÓ­ ¾«¬ ¬¸»·® ­«·¬¿¾·´·¬§ º±® ¿«¬±³¿¬»¼ ¬»­¬ ­»¯«»²½» ¹»²ó
eration has led to situations in which developers and testers write speciﬁcation or models
·² ³±®» »¨°®»­­·ª» ´¿²¹«¿¹»­ ¿²¼ ¿ ¬±±´ ½±²ª»®¬­ ¬¸»­» ·²¬± ÚÍÓ­ ¬¸¿¬ ¬¸»² ¿½¬ ¿­ ¬¸» ¾¿­·­
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
~ íë
for test sequence generation. While this seems to provide the beneﬁts of both expressive
´¿²¹«¿¹»­ ¿²¼ ¿«¬±³¿¬»¼ ¬»­¬ ­»¯«»²½» ¹»²»®¿¬·±²ô ¿ ²«³¾»® ±º ½¸¿´´»²¹»­ ®»³¿·²ò Ú±®
³¿²§ ­§­¬»³­ ©» ½¿²²±¬ ­·³°´§ °®±¼«½» ¿² ÚÍÓ ¾§ ¬¿µ·²¹ ¿´´ ½±³¾·²¿¬·±²­ ±º ª¿´«»­ º±®
internal variables and all states: this may lead to an inﬁnite state space and even if the state
space is ﬁnite it is likely to be extremely large. If we apply an abstraction then we have
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speciﬁcation, the SUT is not deemed to have passed the test. Typically this corresponds
to the test objective not being achieved due to non-determinism in the speciﬁcation and
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the test; possibly an inﬁnite number of times. If some fairness assumption is made then we
may feel that it is sufﬁcient to apply a test case some predetermined number of times and
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There are a number of algorithms for deﬁning sound and complete test suites [Brinksma
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the SUT, the set of all possible test cases need not be ﬁnite. Naturally, different algorithms
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suite is used to determine whether an implementation conforms to a speciﬁcation. Differ-
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those of the speciﬁcation. Thus, for an implementation ×, speciﬁcation Íô ·º ®«²­ø¬å ×÷ ¼»ó
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consider observations given by the following deﬁnition.
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The testing preorder is then deﬁned via these notions of observation.
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Both requirements consider traces from the speciﬁcation only. The ﬁrst states that when-
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½¸»½µ·²¹ô ³±¼»´ ½¸»½µ·²¹ ¿²¼ ®¿²¼±³ ­·³«´¿¬·±²ò Ü·ºº»®»²¬ ·²°«¬ ´¿²¹«¿¹»­ ½¿² ¾» «­»¼
·² ¬¸» ÝÉÞóÒÝ ª·¿ «­» ±º ¬¸» Ð®±½»­­ ß´¹»¾®¿ Ý±³°·´»® øÐßÝ÷ ÅÍ·³­ ïçççÃò
×² ¿ ­·³·´¿® ª»·² ·­ ÝßÜÐ øÝ±²­¬®«½¬·±² ¿²¼ ß²¿´§­·­ ±º Ü·­¬®·¾«¬»¼ Ð®±½»­­»­ô º±®ó
³»®´§ µ²±©² ¿­ ÝßÛÍßÎñ ßÔÜÛÞßÎßÒ Ü»ª»´±°³»²¬ Ð¿½µ¿¹»÷ô ©¸·½¸ ·­ ¿ ¬±±´¾±¨
for protocol engineering [Garavel and Hermanns 2002]. It is dedicated to the efﬁcient com-
pilation, simulation, formal veriﬁcation, and testing of descriptions written in LOTOS. It
accepts three different input formalisms: LOTOS; low-level protocol descriptions speciﬁed
¿­ ÔÌÍ­å ¿²¼ ²»¬©±®µ­ ±º ½±³³«²·½¿¬·²¹ ¿«¬±³¿¬¿ò ×² ¿¼¼·¬·±² ¬± ­«°°±®¬ º±® »¯«·ª¿´»²½»
½¸»½µ·²¹ô ³±¼»´ ½¸»½µ·²¹ô ­·³«´¿¬·±² ½¸»½µ·²¹ »¬½ô ·¬ ¸¿­ ­«°°±®¬ º±® ¬¸» ¬»­¬·²¹ °®±½»­­
ª·¿ ÌÙÊ ÅÚ»®²¿²¼»¦ »¬ ¿´ò ïççêÃô ¿ ¬±±´ º±® ¬¸» ¹»²»®¿¬·±² ±º ½±²º±®³¿²½» ¬»­¬ ­«·¬»­ ¾¿­»¼
on veriﬁcation technology. TGV takes as entries a description of a protocol’s behaviour
¿²¼ ¿ ¬»­¬ °«®°±­»ô ©¸·½¸ ­»´»½¬­ ¬¸» ­«¾­»¬ ±º ¬¸» °®±¬±½±´ù­ ¾»¸¿ª·±«® ¬± ¾» ¬»­¬»¼ò ×¬ °®±ó
¼«½»­ ¬»­¬ ­«·¬»­ô ©¸·½¸ ¿®» «­»¼ ¬± ¿­­»­­ ¬¸» ½±²º±®³¿²½» ±º ¿ °®±¬±½±´ ·³°´»³»²¬¿¬·±²
with respect to the formal speciﬁcation of the protocol. The generation of test sequences in
TGV is achieved using on-the-ﬂy state-space exploration. Traditionally, a test purpose is
deﬁned using an automaton forming a tree-like structure of states and transitions. However,
´±±°­ ¿®» ²±© ¿´´±©»¼ ø­»»ô º±® »¨¿³°´»ô ÅÖ¿®¼ ¿²¼ Öl»®±² îððëÃ÷ò
ß ²«³¾»® ±º ¬±±´­ «­» ¿ ½±³³±² ¬»­¬ ¼»®·ª¿¬·±² »²¹·²» ©·¬¸ ­«°°±®¬ º±® ·²°«¬ ·² ¼·ºº»®»²¬
º±®³¿¬­ò Ú±® »¨¿³°´»ô Ì»­¬Ý±³°±­»® ÅÕ»®¾®¿¬ »¬ ¿´ò ïçççÃ «­»­ ÌÙÊ ¿²¼ ¿´´±©­ô ¿³±²¹­¬
others, speciﬁcations written in MSC.
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This section brieﬂy reviewed material on process algebras, their underlying semantic model
ø´¿¾»´´»¼ ¬®¿²­·¬·±² ­§­¬»³­÷ ¿²¼ ³»¬¸±¼­ º±® ¹»²»®¿¬·²¹ ¬»­¬­ º®±³ ¿ ´¿¾»´´»¼ ¬®¿²­·¬·±² ­§­ó
tem (LTS) speciﬁcation. The literature on testing from an LTS is quite different from that
º±«²¼ º±® ³¿²§ ±¬¸»® º±®³¿´·­³­ ·² ¬¸¿¬ ·¬ º±½«­­»­ ±² ¬¸» ¼·ºº»®»²¬ ¬§°»­ ±º ½±³³«²·½¿ó
¬·±² ¿²¼ ¬¸«­ ±¾­»®ª¿¬·±² ¬¸¿¬ ³·¹¸¬ ±½½«®ò Ì¸·­ ¸¿­ ®»­«´¬»¼ ·² ¿ ®¿²¹» ±º ·³°´»³»²¬¿¬·±²
®»´¿¬·±²­ ¿²¼ ½±®®»­°±²¼·²¹ ¬»­¬ ­«·¬» ¹»²»®¿¬·±² ¿´¹±®·¬¸³­ò
Ð®±½»­­ ß´¹»¾®¿­ ¿²¼ ÚÍÓ­ ¿®» ­·³·´¿® ·² ¬¸¿¬ ¬¸»§ ³±¼»´ ±® ­°»½·º§ ¿ ­§­¬»³ ¬¸®±«¹¸ ¿
­»¬ ±º ­¬¿¬»­ ¿²¼ ¬®¿²­·¬·±²­ ¾»¬©»»² ¬¸»­» ­¬¿¬»­ò Ð®±½»­­ ß´¹»¾®¿­ ¿®» ¬¸» ³±®» »¨°®»­­·ª»ô
»­°»½·¿´´§ ©¸»² ¼»¿´·²¹ ©·¬¸ ²±²¼»¬»®³·²·­³ô ¿²¼ ¬¸» ·³°´»³»²¬¿¬·±² ®»´¿¬·±²­ ®»´¿¬» ¬±
¬¸» ¿¾·´·¬§ ±º ¬¸» ¬»­¬»® ¬± ³¿µ» ±¾­»®ª¿¬·±²­ò ß² ·²¬»®»­¬·²¹ ®»­»¿®½¸ ¯«»­¬·±² ·­ ©¸»¬¸»®
­«½¸ ·³°´»³»²¬¿¬·±² ®»´¿¬·±²­ ½¿² ¾» »ºº»½¬·ª»´§ ¬®¿²­´¿¬»¼ ¬± ¬¸» ¿®»¿ ±º ¬»­¬·²¹ º®±³ ¿²
ÚÍÓ ©·¬¸ ¿ º¿«´¬ ³±¼»´ò
Ì»­¬ ¸§°±¬¸»­»­ ¿²¼ º¿«´¬ ³±¼»´­ ¸¿ª» °´¿§»¼ ¿ ®»´¿¬·ª»´§ ­³¿´´ ®±´» ·² ¬¸» ´·¬»®¿¬«®» ±²
¬»­¬·²¹ º®±³ ¿ Ð®±½»­­ ß´¹»¾®¿ò Ì¸»®» ·­ ¬¸» «­«¿´ ³·²·³«³ ¸§°±¬¸»­·­ô ¬¸¿¬ ¬¸» ÍËÌ ½¿²
¾» ³±¼»´´»¼ «­·²¹ ¬¸» ­¿³» º±®³¿´·­³ò ×² ¿¼¼·¬·±²ô ©¸»² «­·²¹ ¬¸» ·±½± ·³°´»³»²¬¿¬·±²
®»´¿¬·±² ·¬ ·­ ²»½»­­¿®§ ¬± ¾» ¿¾´» ¬± ±¾­»®ª» ¬¸» º¿·´«®» ±º ¬¸» ÍËÌ ¬± °®±¼«½» ¿² ±«¬°«¬
ø¯«·»­½»²½»÷ ¿²¼ ¬¸·­ ½¿² ¾» ­»»² ¿­ ¿ ¬»­¬ ¸§°±¬¸»­·­ò ×² ½±²¬®¿­¬ ¬± ¬¸» ©±®µ ±² ¬»­¬·²¹
º®±³ ÚÍÓ­ ¬¸»®» ¼± ²±¬ »¨·­¬ ­¬¿²¼¿®¼ º¿«´¬ ³±¼»´­ ¿²¼ ¬¸» ¼»ª»´±°³»²¬ ±º ­«½¸ ³±¼»´­
½±«´¼ ¾» ¿ ¬±°·½ º±® º«¬«®» ®»­»¿®½¸ò Ì¸» ´¿½µ ±º ­«½¸ º¿«´¬ ³±¼»´­ ¸¿­ ´»¼ ¬± ³±­¬ ¬»­¬
¹»²»®¿¬·±² ¿´¹±®·¬¸³­ ¾»·²¹ ®¿²¼±³ ±® ¹«·¼»¼ ®¿²¼±³ò
The research on testing from a Process Algebra speciﬁcation has largely focussed on
¬»­¬·²¹ º®±³ ¿² ÔÌÍò ß² ÔÌÍ ¼±»­ ²±¬ ¸¿ª» ¼¿¬¿ ¿²¼ ¬¸» °®±½»­­ ±º »¨°¿²¼·²¹ ±«¬ ¿ ¼»ó
­½®·°¬·±² ¬¸¿¬ ½±²¬¿·²­ ¼¿¬¿ ¬± º±®³ ¿² ÔÌÍ ½¿² ´»¿¼ ¬± ¿ ½±³¾·²¿¬±®·¿´ »¨°´±­·±² ¿²¼ ·­
not feasible if the datatypes are inﬁnite. Recent work has investigated ways of overcoming
¬¸·­ °®±¾´»³ò Ñ²» °±­­·¾·´·¬§ ·­ ¬± «­» «²·º±®³·¬§ ¿²¼ ®»¹«´¿®·¬§ ¸§°±¬¸»­»­æ «²·º±®³·¬§
hypotheses are used to partition each datatype into a ﬁnite number of subdomains and
®»¹«´¿®·¬§ ¸§°±¬¸»­»­ ¿®» «­»¼ ¬± ®»­¬®·½¬ ¬¸» ´»²¹¬¸­ ±º ¬¸» ¬®¿½»­ ½±²­·¼»®»¼ò ×º ©» ¿´­±
include a fairness assumption then we can produce a ﬁnite test suite that is guaranteed
¬± ¼»¬»®³·²» ½±®®»½¬²»­­ ¿­ ´±²¹ ¿­ ¬¸»­» ¬»­¬ ¸§°±¬¸»­»­ ¸±´¼ ÅÙ¿«¼»´ ¿²¼ Ö¿³»­ ïççèå
Ô»­¬·»²²»­ ¿²¼ Ù¿«¼»´ îððîÃò ß² ¿´¬»®²¿¬·ª» ·­ ¬± «­» Í§³¾±´·½ Ì®¿²­·¬·±² Í§­¬»³­å ½±²ó
º±®³¿²½» ®»´¿¬·±²­ ¿²¼ ¬»­¬ ¹»²»®¿¬·±² ¿´¹±®·¬¸³­ ¸¿ª» ®»½»²¬´§ ¾»»² ¼»ª»´±°»¼ º±® ­«½¸
³±¼»´­ ÅÚ®¿²¬¦»² »¬ ¿´ò îððìÃò
×¬ ·­ ­±³»¬·³»­ °±­­·¾´» ¬± ¿°°´§ ¿² ¿´¬»®²¿¬·ª» ¿°°®±¿½¸ ¬± ¬»­¬·²¹ º®±³ ¿² ÔÌÍ ©¸·½¸
involves converting the LTS speciﬁcation into an FSM. A test suite is then generated from
¬¸·­ ÚÍÓ ø­»»ô º±® »¨¿³°´»ô ÅÐ»¬®»²µ± »¬ ¿´ò ïççìÃ÷ò Ì¸» ¿¼ª¿²¬¿¹» ±º ¬¸·­ ¿°°®±¿½¸ ·­ ¬¸»
¿¾·´·¬§ ¬± «­» ¬¸» º¿«´¬ ³±¼»´­ ¿²¼ ¬»­¬ ¹»²»®¿¬·±² ¿´¹±®·¬¸³­ ¼»ª»´±°»¼ º±® ÚÍÓ­ò Ø±©ó
»ª»®ô ¬¸»®» ·­ ¬¸» ¼·­¿¼ª¿²¬¿¹» ¬¸¿¬ »·¬¸»® ©» ¿®» ®»­¬®·½¬»¼ ¬± ¬¸» ·³°´»³»²¬¿¬·±² ®»´¿¬·±²­
¬¸¿¬ ¿®» «­»¼ ·² ¬»­¬·²¹ º®±³ ¿² ÚÍÓ ±® ©» ¸¿ª» ¬± °®±¼«½» ¿ ¼·ºº»®»²¬ ¬®¿²­º±®³¿¬·±² º±®
»¿½¸ ·³°´»³»²¬¿¬·±² ®»´¿¬·±²ò
éò ÌÛÍÌ×ÒÙ ØÇÞÎ×Ü ÍÇÍÌÛÓÍ
éòï ×²¬®±¼«½¬·±²
Ø§¾®·¼ ­§­¬»³­ ¿®» ¼§²¿³·½¿´ ­§­¬»³­ ½±²­·­¬·²¹ ±º ·²¬»®¿½¬·²¹ ¼·­½®»¬» ¿²¼ ½±²¬·²«±«­
½±³°±²»²¬­ò Ì§°·½¿´´§ ¬¸»§ ¿®» ½±²¬®±´ ¿°°´·½¿¬·±²­ ¿²¼ ¿®» ±º¬»² «­»¼ ·² ø­¿º»¬§ñ¬·³»÷
critical systems. Examples include air and sea trafﬁc management systems [Godhavn et al.
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ïççêÃô ¿«¬±³¿¬»¼ ¸·¹¸©¿§ ­§­¬»³­ ÅÊ¿®¿·§¿ ïççíÃô ·²¼«­¬®·¿´ ¿«¬±³¿¬·±² ÅÎ¿ª² »¬ ¿´ò
ïççëå Ê¿®¿·§¿ ïççíÃô ¿²¼ ¿«¬±³±¬·ª» ½±²¬®±´ ­§­¬»³­ Åß²¬­¿µ´·­ »¬ ¿´ò ïççëå ß²¬­¿µ´·­
ïççéå ß²¬­¿µ´·­ »¬ ¿´ò ïçççå Í¬¿«²»® »¬ ¿´ò ïççéå Ù·®¿®¼ »¬ ¿´ò îððëÃò
Ì¸» ½±³°´»¨·¬§ ±º ¬¸»­» ­§­¬»³­ ¸¿­ ®»½»²¬´§ ®·­»² ­¸¿®°´§ ¿­ ¬¸»§ ¸¿ª» ¬± ½±°» ©·¬¸
³¿­­·ª» ­»²­±®§ ¿²¼ ¿½¬«¿¬±® «²½»®¬¿·²¬§ ¿²¼ ³«­¬ ¿½¬ ·² ®»¿´ ¬·³» ©·¬¸·² ½±³°´»¨ »²ª·®±²ó
³»²¬­ ©¸·½¸ ¿®» ­°¿¬·¿´´§ »¨¬»²¼»¼ô ¼§²¿³·½ô ­¬±½¸¿­¬·½ô ¿²¼ ´¿®¹»´§ «²µ²±©²ò Ì®¿¼·¬·±²¿´
¿°°®±¿½¸»­ ¬¸¿¬ ¼»¿´¬ ­»°¿®¿¬»´§ ©·¬¸ ¬¸»·® ½±²¬·²«±«­ ¿²¼ ¼·­½®»¬» ¿­°»½¬­ ¿®» ·²¿¼»¯«¿¬»ò
×²¼·ª·¼«¿´ º»»¼¾¿½µ ½±²¬®±´ ­½»²¿®·±­ ¿®» ²¿¬«®¿´´§ ³±¼»´´»¼ ¿­ ·²¬»®½±²²»½¬·±²­ ±º ³±¼ó
«´»­ ½¸¿®¿½¬»®·¦»¼ ¾§ ¬¸»·® ·²°«¬ñ±«¬°«¬ ¾»¸¿ª·±«®ò Ó±¼¿´ ½±²¬®±´ô ¾§ ½±²¬®¿­¬ô ²¿¬«®¿´´§
­«¹¹»­¬­ ¿ ­¬¿¬»ó¾¿­»¼ ª·»©ô ©·¬¸ ­¬¿¬»­ ®»°®»­»²¬·²¹ ½±²¬®±´ ³±¼»­ò Ó±¼»®²ô ­±º¬©¿®»ó
¾¿­»¼ ½±²¬®±´ ­§­¬»³­ «­«¿´´§ ·²ª±´ª» ¾±¬¸ ­¬§´»­ ±º ½±²¬®±´ò Ì¸» ¼·­¬·²½¬ ³±¼»´´·²¹ ¬»½¸ó
²·¯«»­ ²»»¼ ¬± ¾» ®»½±²½·´»¼ ·² ±®¼»® ¬± ­«°°±®¬ ¿ ­§­¬»³¿¬·½ ³»¬¸±¼±´±¹§ º±® ¬¸» ¼»­·¹²ô
ª¿´·¼¿¬·±²ô ¿²¼ ·³°´»³»²¬¿¬·±² ±º ½±²¬®±´ ­±º¬©¿®»ò
Ì± ³»»¬ ¬¸»­» ½¸¿´´»²¹»­ô ³¿¬¸»³¿¬·½¿´ ¬¸»±®·»­ ¬¸¿¬ ½±³¾·²»ô ·² ¿ ½±±®¼·²¿¬»¼ º¿­¸·±²ô
½±²¬·²«±«­ ³¿¬¸»³¿¬·½­ ø»ò¹òô ¬¸» ¼·ºº»®»²¬·¿´ ¿²¼ ·²¬»¹®¿´ ½¿´½«´·÷ ¿²¼ ¼·­½®»¬» ³¿¬¸»³¿¬ó
ics (e.g., ﬁrst order logics) are used to provide adequate formal support for the modelling
¿²¼ ¿²¿´§­·­ ±º ¸§¾®·¼ ­§­¬»³­ô ¿²¼ ¬¸» ¼»ª»´±°³»²¬ ±º ­±º¬©¿®» º±® ¬¸»­» ­§­¬»³­ò
7.2 Models and Speciﬁcation Formalisms
Ì¸» ¼·½¸±¬±³§ ¾»¬©»»² ¬¸» ·²°«¬ñ±«¬°«¬ øº»»¼¾¿½µ÷ ª·»© ¿²¼ ¬¸» ­¬¿¬» ø³«´¬·ó³±¼¿´÷ ª·»©
·­ ±º¬»² °®»­»²¬»¼ ·² ¿ ®»­¬®·½¬»¼ ­»¬¬·²¹ô ¿­ ¿ ¼·½¸±¬±³§ ¾»¬©»»² ½±²¬·²«±«­ ¿²¼ ¼·­½®»¬»
½±²¬®±´ò Ý±²¬·²«±«­ º»»¼¾¿½µ ½±²¬®±´ º±½«­»­ ±² ¬¸» ¿²¿´±¹ ·²¬»®¿½¬·±² ±º ¬¸» ½±²¬®±´´»®
©·¬¸ ¿ °¸§­·½¿´ »²¬·¬§ô ¬¸®±«¹¸ ­»²­±®­ ¿²¼ ¿½¬«¿¬±®­ò Ý±²¬·²«±«­ ½±²¬®±´ ³±¼»´­ ¿²¼ ¼»ó
­·¹² ¬»½¸²·¯«»­ ¸¿ª» ¾»»² ¼»ª»´±°»¼ô «­»¼ô ¿²¼ ª¿´·¼¿¬»¼ »¨¬»²­·ª»´§ò
Ý±³³±²´§ «­»¼ ³±¼»´­ º±® ¸§¾®·¼ ­§­¬»³­ô ­«½¸ ¿­ ¸§¾®·¼ ¿«¬±³¿¬¿ô ½±³¾·²» ­¬¿¬»ó
¬®¿²­·¬·±² ¼·¿¹®¿³­ º±® ¼·­½®»¬» ¾»¸¿ª·±«® ©·¬¸ ¼·ºº»®»²¬·¿´ »¯«¿¬·±²­ ±® ·²½´«­·±²­ º±® ½±²ó
¬·²«±«­ ¾»¸¿ª·±«®ò Ú±® »¨¿³°´» Ó¿²²¿ ¿²¼ Ð²«»´· ÅÓ¿²²¿ ¿²¼ Ð²«»´· ïççîÃ ³±¼»´´»¼ ¿
¸§¾®·¼ ­§­¬»³ ¿­ ¿ °¸¿­» ¬®¿²­·¬·±² ­§­¬»³ìô Úò Ì¸» ­»³¿²¬·½­ ·­ ¾¿­»¼ ±² ­¿³°´·²¹ ½±³ó
°«¬¿¬·±²­ ¬¸¿¬ ­¿³°´» ¬¸» ½±²¬·²«±«­ ¾»¸¿ª·±«® ±º ¿ ¸§¾®·¼ ­§­¬»³ ¿¬ ·³°±®¬¿²¬ô ½±«²¬¿¾´§
³¿²§ ±¾­»®ª¿¬·±² °±·²¬­ò Ú is deﬁned as Ú ã ¸ÊåÏåÌ åß å× · ©¸»®»
Ê is a a ﬁnite set of state variables that is partitioned into a set of discrete variables, Ê¼ ô
¿²¼ ¿ ­»¬ ±º ½±²¬·²«±«­ ª¿®·¿¾´»­ Ê½æ Ê ã Ê¼ ÅÊ½ò
Ï ·­ ¬¸» ·²·¬·¿´ ½±²¼·¬·±² ½¸¿®¿½¬»®·¦·²¹ ¬¸» ·²·¬·¿´ ­¬¿¬»­ò
The ﬁnite set of transitions, Ì ò
ß is a ﬁnite set of ¿½¬·ª·¬·»­ò Û¿½¸ ¿½¬·ª·¬§ ·­ ¿ ½±²¼·¬·±²¿´ ¼·ºº»®»²¬·¿´ »¯«¿¬·±² ±º ¬¸»
º±®³æ ° ÿ ˙¨ ã »ô ©¸»®» ° ·­ ¿ °®»¼·½¿¬» ±ª»® Ê¼ ø±º¬»² ½¿´´»¼ ¿½¬·ª¿¬·±² ½±²¼·¬·±²÷ô » ·­
¿² »¨°®»­­·±² ±ª»® Ê ¿²¼ ¨ î Ê½ò
Ì¸» ­»¬ × is a ﬁnite set of ·³°±®¬¿²¬ »ª»²¬­ ¬¸¿¬ ­¸±«´¼ ²»ª»® ¾» ³·­­»¼ ©¸»² ­¿³°´·²¹ò
Within such a model, properties are speciﬁed using a temporal logic with the extension
¬¸¿¬ ­¬¿¬» º±®³«´¿» ø¿­­»®¬·±²­÷ ³¿§ ®»º»® ¬± ¬¸» ª¿®·¿¾´» Ì ®»°®»­»²¬·²¹ ¿ ®»¿´ó¬·³» ½´±½µò
Þ»½¿«­» ±º ¬¸» ½±²¬·²«±«­óª­òó¼·­½®»¬» º±½«­ô ¸±©»ª»®ô ¬¸» ³»½¸¿²·­³­ º±® ½±³°±­·¬·±²
¿²¼ ¿¾­¬®¿½¬·±² ±º ¸§¾®·¼ ¿«¬±³¿¬¿ ¿®» ®¿¬¸»® °®·³·¬·ª»ò Ì¸»­» ³±¼»´­ ©»®» ¼»ª»´±°»¼
º±® ­¬«¼§·²¹ ¼»½·­·±² °®±¾´»³­ ¿¾±«¬ ¬¸» ¿²¿´§­·­ ±º ¸§¾®·¼ ­§­¬»³­ô §·»´¼·²¹ º±® »¨¿³°´»
ìÌ¸» ¬·³» ¼±³¿·² ·­ ¬¿µ»² ¬± ¾» ¬¸» ²±²ó²»¹¿¬·ª» ®»¿´­ô Î õ ¿²¼ ¬¸¿¬ Î { ã Î õÅº{¹
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½±²¼·¬·±²­ «²¼»® ©¸·½¸ ®»¿½¸¿¾·´·¬§ ·­ ¼»½·¼¿¾´»ò Ø±©»ª»®ô ¬¸»§ ¸¿ª» ¿ ²«³¾»® ±º ­¸±®¬ó
½±³·²¹­ ©¸»² «­»¼ º±® ¼»­·¹²ò Ú±® »¨¿³°´»ô ¬¸»§ ¸¿ª» ´·³·¬»¼ »¨°®»­­·ª» °±©»® ø¿ ­·³°´»
¼»´¿§ »´»³»²¬ ½¿²²±¬ ¾» ³±¼»´´»¼ ¿­ ¿ ¸§¾®·¼ ¿«¬±³¿¬±²÷ò
7.3 Design Synthesis and Veriﬁcation
×² ¬¸»±®§ô ¬¸» ¿°°®±¿½¸»­ ¬± ¸§¾®·¼ ½±²¬®±´´»® ¼»­·¹² ¹«¿®¿²¬»» ¬¸¿¬ ¬¸» ®»¯«·®»³»²¬­ ­°»½ó
iﬁcation is satisﬁed by design. In practice, system complexity often limits the applicability
±º ¿«¬±³¿¬·½ ½±²¬®±´´»® ­§²¬¸»­·­ ³»¬¸±¼­ô ¿²¼ ½«®®»²¬´§ô ¿ ½±³³±² ¿°°®±¿½¸ ¬± ¬¸» ¼»­·¹²
±º ¸§¾®·¼ ½±²¬®±´´»®­ ·²ª±´ª»­ ·²¼»°»²¼»²¬´§ ½±³·²¹ «° ©·¬¸ ¿ ®»¿­±²¿¾´» ¼»­·¹² º±® ¾±¬¸
¬¸» ¼·­½®»¬» ¿²¼ ½±²¬·²«±«­ °¿®¬­ò Ì¸» ½±³¾·²»¼ ¸§¾®·¼ ½±²¬®±´´»® ·­ ¬¸»² °«¬ ¬±¹»¬¸»® ¾§
means of interfaces, and veriﬁcation/testing is carried out to ensure that it satisﬁes certain
properties. Typically, some design errors are found, and the veriﬁcation/testing attempt
­«°°´·»­ ¬¸» ¼»­·¹² »²¹·²»»® ©·¬¸ ¼·¿¹²±­¬·½ ·²º±®³¿¬·±² ¬¸¿¬ ·­ ¸»´°º«´ º±® ®»º±®³«´¿¬·²¹
the design. The process of simulation, veriﬁcation attempts, and redesign is iterated un-
¬·´ ¿ ­«½½»­­º«´ ¼»­·¹² ·­ ±¾¬¿·²»¼ò Ì¸·­ ¿°°®±¿½¸ ¸¿­ ¾»»² ³±¬·ª¿¬»¼ ¾§ ¬¸» ­«½½»­­ ±º
veriﬁcation and testing techniques for ﬁnite-state systems.
The push towards stronger veriﬁcation and testing techniques has been in the direction
of extending the standard ﬁnite state machine results to incorporate progressively more
complicated continuous dynamics. The ﬁrst extension was for systems with clocks [Alur
and Dill 1990]. Support Tools for ﬁnite state machines with clocks have been implemented
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state space of real-time systems is inﬁnite and so formal veriﬁcation proceeds symbolically,
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continuous states, and the differential equations are replaced by linear constraints on ﬁrst
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There has been signiﬁcant interest in the use of timed automata and timed input output
automata (TIOA) that extend ﬁnite automata and FSMs respectively with either time or a
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systems, and the use of speciﬁcation languages such as SDL that include clocks, has led to
much interest in testing from timed automata and TIOA and here we brieﬂy review some
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The addition of time to a ﬁnite automaton leads to an inﬁnite state machine, assuming
time is represented by a variable with an inﬁnite domain. Naturally, ﬁnite state structures
are easier to analyze and thus easier to test from. In order to produce a ﬁnite model it
is possible to deﬁne an equivalence relation on time, with a ﬁnite number of equivalence
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assuming that a well-deﬁned set of test hypotheses hold. These test hypotheses are similar
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of the region graph of the SUT is no greater than that of the speciﬁcation, rather than
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of communicating TIAO with data speciﬁed in UPPAAL. Naturally the addition of either
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ﬁnite the feasible path problem is decidable. The approach taken is to deﬁne test views,
©¸·½¸ ¿®» ­·³·´¿® ¬± ¬»­¬ °«®°±­»­ô ¿²¼ º±® »¿½¸ ¬»­¬ ª·»© ¬± °®±¼«½» ¿ ¬»­¬¿¾´» ¬·³»¼ ¬®¿²­·ó
¬·±² ­§­¬»³ øÌÌÌÍ÷ò Ì»­¬ ­»¯«»²½»­ ¿®» ¬¸»² ¹»²»®¿¬»¼ º®±³ »¿½¸ ÌÌÌÍ ·² ±®¼»® ¬± ½¸»½µ
¬®¿½» »¯«·ª¿´»²½»ò Ì¸» ®»­«´¬¿²¬ ÌÌÌÍ ¹·ª»­ ½±³°´»¬» º¿«´¬ ½±ª»®¿¹» ±º ¬¸» ·³°´»³»²ó
¬¿¬·±²ù­ ÌÌÌÍ ¿­ ´±²¹ ¿­ ¬¸» ·³°´»³»²¬¿¬·±²ù­ ÌÌÌÍ ¸¿­ ²± ¿¼¼·¬·±²¿´ ­¬¿¬»­ô ¿ º¿·®²»­­
¿­­«³°¬·±² ¸±´¼­ô ¿²¼ ·¬ ·­ °±­­·¾´» ¬± ®»­»¬ ¬¸» ·³°´»³»²¬¿¬·±²ò ß ­·³·´¿® ¿°°®±¿½¸ ·­ ¼»ó
­½®·¾»¼ ¾§ Õ±²l» ÅÕ±²l» îððïÃ ©¸± ¬»­¬ º®±³ ¿ Ì×Ñß «­·²¹ ¿ ¬»­¬ ®»¯«·®»³»²¬ ¾§ ¬¿µ·²¹ ¬¸»
­§²½¸®±²±«­ °®±¼«½¬ ±º ¬¸» ¿«¬±³¿¬±² ¿²¼ ¬¸» ¬»­¬ ®»¯«·®»³»²¬ò Ì¸» °®±¼«½¬ ·­ ¹»²»®¿¬»¼
on-the-ﬂy so that testing need not consider all states in the product.
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signiﬁcant increase in the number of states of the automaton from which tests are generated
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preset and on-the-ﬂy test generation are described while only an on-the-ﬂy technique is
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since the tester’s clock will have a ﬁnite precision. An interesting additional extension to
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introduced by an action is speciﬁed using a distribution [Nl«²»¦ ¿²¼ Î±¼®lıguez 2003].
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speciﬁed distributions. Naturally, this cannot be decided by testing but testing can be used
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thus possible to estimate the true distribution up to a given level of conﬁdence [Nl«²»¦ ¿²¼
Î±¼®lıguez 2003].
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Ý«®®»²¬ ©±®µ ±² ¬»­¬·²¹ ¸§¾®·¼ ­§­¬»³­ ¸¿­ º±½«­­»¼ ±² ¬¸» «­» ±º ­·³«´¿¬·±²ò Ú±® »¨ó
¿³°´»ô Ì¿² »¬ ¿´ò ÅÌ¿² »¬ ¿´ò îððìÃ ¼»­½®·¾» ¿ Ó±¼»´ó¾¿­»¼ Ó±²·¬±® ×²­¬®«³»²¬·²¹ ¿²¼
Í§²¬¸»­·¦·²¹ Ì±±´µ·¬ øÓî×ÍÌ÷ ¬¸¿¬ ©·´´ °®±¼«½» ¿ ¸§¾®·¼ ¿«¬±³¿¬±² º®±³ ¿ °®±°»®¬§ ©®·¬ó
¬»² ·² ¿ ´·²»¿® ¬»³°±®¿´ ´±¹·½ò Ì¸» ¿«¬±³¿¬±² ·­ ½±³°±­»¼ ©·¬¸ ¬¸» ø·²­¬®«³»²¬»¼÷ ÍËÌ ·²
±®¼»® ¬± ½¸»½µ ¬¸¿¬ ¬¸» °®±°»®¬§ ·­ °®»­»®ª»¼ ·² ¬»­¬·²¹ò Ì¿² »¬ ¿´ò ÅÌ¿² »¬ ¿´ò îððìÃ ¿°°´·»¼
¬¸»·® ¿°°®±¿½¸ ¬± ¿ Í±²§ ß×ÞÑ ®±¾±¬·½ ¼±¹ò Ì¸» ³±¼»´ ½±²¬¿·²»¼ ¿²¿´±¹«» ·²°«¬ ø¬¸» ª·­ó
·¾·´·¬§ ±º ¬¸» ¾¿´´ ¿²¼ ¬¸» ¿²¹´» ¾»¬©»»² ¬¸» ¸»¿¼ ±º ¬¸» ¼±¹ ¿²¼ ¬¸» ¾¿´´÷ ¿²¼ ¿ ¼·­½®»¬»
½±²¬®±´ ­¬®«½¬«®»ò Ì¸» ·²¬»²¬·±² ±º ¬¸» ­§­¬»³ ©¿­ ¬¸¿¬ ¬¸» ¼±¹ ½¸¿­»­ ¬¸» ¾¿´´ò Ì¸» °®±°ó
»®¬§ »²½±¼»¼ ·² ´·²»¿® ¬»³°±®¿´ ´±¹·½ ©¿­ ¬¸¿¬ ¿² ¿´¿®³ ©±«´¼ ¾» ®¿·­»¼ ·º ¬¸» ¼±¹ ´±­»­
¬®¿½µ ±º ¬¸» ¾¿´´ ëð ­»½±²¼­ ±® ³±®» ¿º¬»® ¬¸» ¾¿´´ ¾»½±³»­ ª·­·¾´»ô ¿¬ ©¸·½¸ °±·²¬ ·¬ ­¬¿®¬­
¬± ¾¿®µò Ì¸·­ °®±°»®¬§ ©¿­ ­«½½»­­º«´´§ ½±²ª»®¬»¼ ·²¬± ÝØßÎÑÒ ½±¼» ¿²¼ ½±³°±­»¼ ©·¬¸
¬¸» ­§­¬»³ ³±¼»´ ¿²¼ ¿ ¬»­¬ ¿«¬±³¿¬±² º±® ­·³«´¿¬·±²ò ×¬ ©¿­ ®»°±®¬»¼ ¬¸¿¬ ¬¸» ¾»¸¿ª·±«®
±º ¬¸» ½±¼» º±® ¬¸» ¿½¬«¿´ ®±¾±¬·½ ¼±¹ ©¿­ ½±²­·­¬»²¬ ©·¬¸ ¬¸» ­·³«´¿¬·±²ò
Ì±±´­ ¸¿ª» ¿´­± ¾»»² ¼»ª»´±°»¼ º±® ¬»­¬·²¹ º®±³ ¬·³»¼ ¿«¬±³¿¬¿ò Ò·»´­»² ¿²¼ Íµ±«
¼»­½®·¾» ¿ °®±¬±¬§°» ¬»­¬ ¬±±´ô º±® ¬»­¬·²¹ º®±³ ¿² Ûª»²¬ ß«¬±³¿¬±²ô ½¿´´»¼ ÎÌÝßÌ ÅÒ·»´­»²
¿²¼ Íµ±« îððíÃò Ì¸·­ ¿°°´·»­ ­§³¾±´·½ ®»¿½¸¿¾·´·¬§ ¬»½¸²·¯«»­ ¿²¼ °¿®¬·¬·±²­ ¬¸» ­¬¿¬»­
¾¿­»¼ ±² ¬¸» ¹«¿®¼­ ±º ¬®¿²­·¬·±²­ò Ì¸» ÎÌÝßÌ ¬±±´ ©¿­ ¿°°´·»¼ ¬± ¬¸» Ð¸·´·°­ ß«¼·±
Ð®±¬±½±´ ¬¸¿¬ ¸¿¼ ¾»»² ¼»­·¹²»¼ º±® »¨½¸¿²¹·²¹ ½±²¬®±´ ·²º±®³¿¬·±² ¾»¬©»»² ¿«¼·±ñª·­«¿´
½±³°±²»²¬­ ÅÒ·»´­»² ¿²¼ Íµ±« îððíÃò Ì¸» °®±¬±½±´ ¸¿­ ¿ ëû ¬±´»®¿²½» ¬± ¬·³·²¹ »®®±®­ ·²
±®¼»® ¬± ¿´´±© ­±³» ¼®·º¬ ·² ½´±½µ­ ¿²¼ ­¸±«´¼ ¿´­± ¼»¬»½¬ ³»­­¿¹» ½±´´·­·±²ò Ì¸» ­»²¼»®
¿²¼ ®»½»·ª»® ©»®» ¾±¬¸ ³±¼»´´»¼ ¿­ ÛÎß­ ©·¬¸ ïê ¿²¼ è ­¬¿¬»­ ®»­°»½¬·ª»´§ò Ì»­¬ ¹»²»®¿¬·±²
©¿­ º±«²¼ ¬± ¾» º»¿­·¾´» ¿²¼ ·¬ ©¿­ ®»°±®¬»¼ ¬¸¿¬ ·² »¿½¸ ½¿­» ­¬¿¬» °¿®¬·¬·±²·²¹ ´»¼ ¬± º»©»®
than 100 states and the total test length was less than 1,000 for breadth-ﬁrst generation and
less than 2,000 for depth-ﬁrst. However, the test effectiveness was not assessed.
Ý¿®¼»´´óÑ´·ª»® ¼»­½®·¾»¼ ¬¸» ¿°°´·½¿¬·±² ±º ¸»® ¿°°®±¿½¸ ¬± ¿ ¬®¿·²ó¹¿¬» ­§­¬»³ «­·²¹
ËÐÐßßÔ º±® ¬»­¬ ¹»²»®¿¬·±² ÅÝ¿®¼»´´óÑ´·ª»® îðððÃò Ì¸» ¬®¿·²ó¹¿¬» ³±¼»´ ½±²­·­¬»¼ ±º
¬¸®»» ¿«¬±³¿¬¿æ ¿ ¬®¿·²ô ¿ ½±²¬®±´´»®ô ¿²¼ ¿ ¹¿¬»ò Ì¸» ¿°°®±¿½¸ ©¿­ º±«²¼ ¬± ¾» º»¿­·¾´» º±®
¬¸·­ »¨¿³°´»ò Ì¸» ¬»½¸²·¯«» ¿´´±©­ ·²°«¬­ ¿²¼ ±«¬°«¬­ ¬± ¾» ¸·¼¼»² ¿²¼ ·²½´«¼»­ ¿ ²±¬·±²
±º »²ª·®±²³»²¬ ª¿®·¿¾´»­ ¾»·²¹ ª·­·¾´» ¬¸¿¬ ´»¿¼­ ¬± ¿² »¯«·ª¿´»²½» ®»´¿¬·±² ±² ­¬¿¬»­ ·²
©¸·½¸ »¯«·ª¿´»²½» ½´¿­­»­ ®»°®»­»²¬ »¯«¿´·¬§ ±º ¬¸» ª¿´«»­ ±º ª·­·¾´» ª¿®·¿¾´»­ò ß­ ±²»
©±«´¼ »¨°»½¬ô ¬¸»­» º¿½¬±®­ ©»®» º±«²¼ ¬± ¸¿ª» ¿² ·³°¿½¬ ±² ¬¸» ­·¦» ±º ¬¸» ®»­«´¬¿²¬ ¬»­¬
¹®¿°¸ øÌÌÌÍ÷ô ¿­ ¼·¼ ¬¸» ½¸±·½» ±º ¬·³» ·²¬»®ª¿´ «­»¼ ¾§ ¬¸» ½´±½µò Ú±® »¨¿³°´»ô ³±ª·²¹
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
~ ìç
º®±³ ¿ ¬·³» ·²¬»®ª¿´ ±º ï ¬± ¿ ¬·³» ·²¬»®ª¿´ ±º íð ´»¼ ¬± ¿ ÌÌÌÍ ®»°®»­»²¬»¼ ¾§ ¿ ¹®¿°¸ ©·¬¸
êëè »¼¹»­ ¾»·²¹ ®»°´¿½»¼ ¾§ ¿ ÌÌÌÍ ®»°®»­»²¬»¼ ¾§ ¿ ¹®¿°¸ ©·¬¸ çð »¼¹»­ò
Õ®·½¸»² ¿²¼ Ì®·°¿µ·­ ¸¿ª» °®±¼«½»¼ ¿ ¬±±´ ÌÌÙ øÌ·³»¼ Ì»­¬ Ù»²»®¿¬±®÷ ¬¸¿¬ ·³°´»³»²¬­
¬¸»·® ¬»­¬ ¬»½¸²·¯«» º±® ¹»²»®¿¬·²¹ ¬»­¬­ º®±³ ¿ Ì×Ñß «­·²¹ ¬¸» ·³°´»³»²¬¿¬·±² ®»´¿¬·±²
tioco [Krichen and Tripakis 2005]. The tool takes as input the speciﬁcation and a Tick
¿«¬±³¿¬±² ¬¸¿¬ ®»°®»­»²¬­ ¿ ½´±½µ ¿²¼ ±«¬°«¬­ ¿² »¨»½«¬¿¾´» ¬¸¿¬ °»®º±®³­ ¬»­¬ ¹»²»®¿¬·±²ò
Ì¸»®» ¿®» º±«® ±°¬·±²­ ®»¹¿®¼·²¹ ¬»­¬ ¹»²»®¿¬·±²æ ·²¬»®¿½¬·ª»ô ®¿²¼±³ô ½±ª»®¿¹» ¾¿­»¼ô ±®
»¨¸¿«­¬·ª» ¬± ¿ ¹·ª»² ¼»°¬¸ò Í»ª»®¿´ º±®³­ ±º ½±ª»®¿¹» ¸¿ª» ¾»»² ·³°´»³»²¬»¼ô ­«½¸ ¿­
¿´´ ¿½¬·±²­ô ¿´´ ´±½¿¬·±²­ô ¿²¼ ¿´´ ­¬¿¬»­ ø½±³¾·²¿¬·±²­ ±º ´±½¿¬·±²­ô ª¿®·¿¾´» ª¿´«»­ô ¿²¼
­§³¾±´·½ ½´±½µ ª¿´«¿¬·±²­÷ò Ì»­¬ ¹»²»®¿¬·±² ·­ ¿½¸·»ª»¼ ¬¸®±«¹¸ ®»¿½¸¿¾·´·¬§ ¿²¿´§­·­ò
Õ®·½¸»² ¿²¼ Ì®·°¿µ·­ ¿°°´·»¼ ¬¸»·® ¿°°®±¿½¸ ¬± ¬¸» Þ±«²¼»¼ Î»¬®¿²­³·­­·±² Ð®±¬±½±´ º±®
transmitting ﬁles over a lossy medium [Krichen and Tripakis 2005]. In this protocol ac-
knowledgment messages are used to conﬁrm that a packet has been received; if the sender
does not receive an acknowledgment within a speciﬁed time then a timeout occurs and the
°¿½µ»¬ ·­ ®»­»²¬ò Ì¸»®» ·­ ¿ ¹·ª»² ´·³·¬ ±² ¬¸» ²«³¾»® ±º ¬·³»­ ¿ °¿½µ»¬ ·­ ­»²¬ò Û¨°»®·³»²¬­
©»®» °»®º±®³»¼ ©·¬¸ ¿ ½´±½µ ¿«¬±³¿¬±² ®»°®»­»²¬·²¹ ¿ °®»½·­» ½´±½µ ¿²¼ ¿ ½´±½µ °»®·±¼ ±º
ïò Ì¸» ¿«¬¸±®­ °»®º±®³»¼ ¬»­¬ ¹»²»®¿¬·±² «­·²¹ ¿ ®¿²¹» ±º ½±ª»®¿¹» ½®·¬»®·¿ ·²½´«¼·²¹ ¿´´
conﬁgurations, where a conﬁguration represents a symbolic state which includes the loca-
¬·±²ô ª¿´«»­ º±® ª¿®·¿¾´»­ô ¿²¼ ¿ ­§³¾±´·½ ®»°®»­»²¬¿¬·±² ±º ¬¸» ª¿´«»­ ±º ¬¸» ½´±½µ­ò Ì¸»
°±¬»²¬·¿´ ½±³¾·²¿¬±®·¿´ »¨°´±­·±² ©¿­ ¼»³±²­¬®¿¬»¼å ©¸·´» ¬¸»®» ©»®» ±²´§ ì ´±½¿¬·±²­
there were 14,687 conﬁgurations. However, it was found that it was possible to cover all
conﬁgurations using 24 test trees of depth 6–53. Depth-ﬁrst exhaustive test generation was
found to be signiﬁcantly less effective with, for example, only 18% of conﬁgurations being
½±ª»®»¼ ©·¬¸ íïé ¬»­¬­ò
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Ì¸»®» ¸¿­ ¾»»² ³«½¸ ®»½»²¬ ·²¬»®»­¬ ·² ¸§¾®·¼ ­§­¬»³­ ¬¸¿¬ ½±³¾·²» ­¬¿¬» ­¬®«½¬«®»­ ©·¬¸
discrete and continuous variables. The inclusion of continuous variables adds signiﬁcant
½¸¿´´»²¹»­ ¿²¼ ³¿µ»­ ¬¸» ¿°°´·½¿¬·±² ±º ¬»­¬·²¹ ¿°°®±¿½¸»­ ¾¿­»¼ ±² ¬¸» ­¬¿¬» ­¬®«½¬«®»
°®±¾´»³¿¬·½ò ×¬ ¿°°»¿®­ ¬¸¿¬ ¬¸» ³¿·² º±½«­ ¸¿­ ¾»»² ±² ¬¸» ¼»ª»´±°³»²¬ô ¿²¿´§­·­ ¿²¼
­·³«´¿¬·±² ±º ¸§¾®·¼ ¿«¬±³¿¬¿å ¬»­¬·²¹ ·­ ¿½¸·»ª»¼ ¬¸®±«¹¸ ­·³«´¿¬·±²ò Þ§ ½±²¬®¿­¬ô ¬¸»®»
¸¿­ ¾»»² ´·¬¬´» ©±®µ ±² ¬»­¬ ¸§°±¬¸»­»­ ¿²¼ ²±¬·±²­ ±º ¬»­¬ ½±ª»®¿¹»ò
Ì¸» ­·¬«¿¬·±² ·­ ®¿¬¸»® ¼·ºº»®»²¬ º±® ¿ ­°»½·¿´ ¬§°» ±º ¸§¾®·¼ ¿«¬±³¿¬±²æ ¬·³»¼ ¿«¬±³¿¬¿ò
Here there is only one continuous variable, time, possibly represented by clocks. By deﬁn-
·²¹ ¿² »¯«·ª¿´»²½» ®»´¿¬·±² ±² ¬·³» ·¬ ·­ °±­­·¾´» ¬± °¿®¬·¬·±² ¬¸» ­¬¿¬»­ ±º ¬¸» ¬·³»¼ ¿«¬±³¿ó
ton and form a ﬁnite automaton from which test sequences can be produced. Classic FSM
±® ÔÌÍ ¾¿­»¼ ¬»­¬ ¬»½¸²·¯«»­ô ¿²¼ ¬¸»·® ½±®®»­°±²¼·²¹ ¬»­¬ ¸§°±¬¸»­»­ô ½¿² ¬¸»² ¾» «­»¼ò
É¸·´» ÚÍÓ ¬»­¬ ¸§°±¬¸»­»­ ¿²¼ ¬»½¸²·¯«»­ ½¿² ¾» «­»¼ ©·¬¸ ¬·³»¼ ¿«¬±³¿¬¿ô ·¬ ·­ «²ó
½´»¿® ¸±© «­»º«´ ¬¸»­» ¿®» ·² °®¿½¬·½»ò Ú·®­¬ô ¬¸»®» ·­ ¬¸» °±­­·¾´» ­¬¿¬» »¨°´±­·±² ©¸»²
°¿®¬·¬·±²·²¹ ¬¸» ­¬¿¬»­ ±º ¬¸» ¬·³»¼ ¿«¬±³¿¬±²ò Þ§ «­·²¹ ¿ ½±¿®­»® »¯«·ª¿´»²½» ®»´¿¬·±²
©» ½¿² ¹»¬ º»©»® ­¬¿¬»­ ¾«¬ ²¿¬«®¿´´§ ¬¸» ½±®®»­°±²¼·²¹ ¬»­¬ ­»¯«»²½»­ À½±ª»®ù ´»­­ ±º ¬¸»
³±¼»´ò Ý«®®»²¬´§ ¬¸»®» ¿°°»¿®­ ¬± ¾» ¿ ´¿½µ ±º »ª·¼»²½» ®»¹¿®¼·²¹ ¬¸» ¬®¿¼»ó±ºº ¾»¬©»»²
the cost of testing and test effectiveness as inﬂuenced by the choice of equivalence relation
«­»¼ò ×² ¿¼¼·¬·±²ô ¬¸» ¬»­¬ ¸§°±¬¸»­»­ «­»¼ ½±²½»®² ¬¸» ¿«¬±³¿¬±² °®±¼«½»¼ ¾§ ­¬¿¬» °¿®¬·ó
¬·±²·²¹ ¾«¬ ·¬ ³¿§ ¾» ³±®» ³»¿²·²¹º«´ô º±® ¬¸» ¬»­¬»®ô ¬± °¸®¿­» ¬»­¬ ¸§°±¬¸»­»­ ·² ¬»®³­ ±º
¬¸» ¬·³»¼ ¿«¬±³¿¬±² ³±¼»´ò Ú±® »¨¿³°´»ô ©» ³·¹¸¬ ¾»´·»ª» ¬¸¿¬ ¬¸» ÍËÌ ·­ À­·³·´¿®ù ¬± ¬¸»
¬·³»¼ ¿«¬±³¿¬±² ³±¼»´ô º±® ­±³» ²±¬·±² ±º ­·³·´¿®·¬§ô ¾«¬ ¬¸·­ ²»»¼ ²±¬ ®»´¿¬» ¬± ¬¸» ­¿³»
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
ëð ~
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èò ßÔÙÛÞÎß×Ý ÍÐÛÝ×Ú×ÝßÌ×ÑÒÍ ßÒÜ ÌÛÍÌ×ÒÙ
èòï ×²¬®±¼«½¬·±²
This section considers the relationship between algebraic speciﬁcations and testing. A
number of authors have exploited the parallel that exists between algebraic speciﬁcations
±º ¿¾­¬®¿½¬ ¼¿¬¿ ¬§°»­ øßÜÌ­÷ ¿²¼ ½´¿­­»­ ·² ±¾¶»½¬ó±®·»²¬»¼ øÑÑ÷ °®±¹®¿³­ò ß² ßÜÌ
·­ ¿² »²¬·¬§ ¬¸¿¬ »²½¿°­«´¿¬»­ ¼¿¬¿ ¬±¹»¬¸»® ©·¬¸ ±°»®¿¬·±²­ ¬¸¿¬ ³¿²·°«´¿¬» ¬¸¿¬ ¼¿¬¿ò ×²
ÑÑ °®±¹®¿³­ô ½´¿­­»­ ¿®» ½±²­¬®«½¬»¼ ¾§ °®±ª·¼·²¹ ¿² ·²¬»®º¿½» ¬¸¿¬ ´·­¬­ ¬¸» ±°»®¿¬·±²­ ø±®
³»¬¸±¼­÷ ±º ¬¸» ½´¿­­ ¿²¼ ¿ ¾±¼§ ¬¸¿¬ ¿½¬«¿´´§ ·³°´»³»²¬­ ¬¸» ±°»®¿¬·±²­ò ß ½´¿­­ ³¿§ ¿´­±
½±²¬¿·² ·²­¬¿²½» ª¿®·¿¾´»­ ø±® ¿¬¬®·¾«¬»­) that deﬁne the ­¬¿¬» ±º ¿² ±¾¶»½¬ ·² ¬¸» ½´¿­­ò Ì¸·­
similarity between ADT speciﬁcations and class interfaces suggests that there is a huge
potential role for formal algebraic speciﬁcations in testing OO software.
èòî Ì»­¬ Ý®·¬»®·¿
When algebraic speciﬁcations are used in testing, the problem of a potentially inﬁnite
²«³¾»® ±º ¬»­¬ ½¿­»­ ²¿¬«®¿´´§ ­¬·´´ ¿®·­»­ò ß­ ©·¬¸ ³±®» ¬®¿¼·¬·±²¿´ º±®³­ ±º ¬»­¬·²¹ô ¬»­¬
½®·¬»®·¿ ½¿² ¸»´° ·² ¼»½·¼·²¹ ±² ¬¸» ¿¼»¯«¿½§ ±º ¬¸» ­»´»½¬»¼ ¬»­¬ ½¿­»­ò ×² º¿½¬ ¬¸»®» ¿®»
few criteria associated with testing from algebraic speciﬁcations but these will now be
½±²­·¼»®»¼ò
The earliest work that employed algebraic speciﬁcations in testing was the development
±º ¬¸» Üß×ÍÌÍ ­§­¬»³ ÅÙ¿²²±² »¬ ¿´ò ïçèïÃ ¿²¼ ·¬ ·­ °»®¸¿°­ ²±¬ ­«®°®·­·²¹ ¬¸¿¬ ·¬ «¬·´·¦»¼
versions of traditional structural testing criteria. For example, in order to increase conﬁ-
dence in the thoroughness of the user-deﬁned test cases, DAISTS insisted that each part
±º ¾±¬¸ ¬¸» ¿¨·±³­ ¿²¼ ¬¸» ·³°´»³»²¬¿¬·±² ½±¼» ¾» »¨»½«¬»¼ ¿¬ ´»¿­¬ ±²½»ò Ì¸» ­§­¬»³
¿´­± ·²½±®°±®¿¬»¼ ¿ ®¿¬¸»® ³±®» ­±°¸·­¬·½¿¬»¼ »¨°®»­­·±²ó½±ª»®¿¹» ½®·¬»®·±²ò Ì¸·­ ·²ª±´ª»¼
·­±´¿¬·±² ±º »¿½¸ ­«¾»¨°®»­­·±² ·² ¾±¬¸ ¿¨·±³­ ¿²¼ ½±¼» ¿²¼ ®»°±®¬·²¹ ¿²§ »¨°®»­­·±²
¬¸¿¬ ©¿­ ²»ª»® »ª¿´«¿¬»¼ ±® º¿·´»¼ ¬± ª¿®§ ±² ¿´´ »ª¿´«¿¬·±²­ ÅÙ¿²²±² »¬ ¿´ò ïçèïÃò ×² ±¬¸»®
©±®¼­ô ¬¸·­ ½®·¬»®·±² »²­«®»¼ ¬¸¿¬ ¿´´ ­«¾»¨°®»­­·±²­ »ª¿´«¿¬»¼ ¬± ¬©± ¼·ºº»®»²¬ ®»­«´¬­ò
One of the most signiﬁcant developments in speciﬁcation-based testing is the generic
¬¸»±®§ ±º Ù¿«¼»´ ¿²¼ ½±´´»¿¹«»­ ÅÙ¿«¼»´ îððïå Ù¿«¼»´ ¿²¼ Ö¿³»­ ïççèÃ ¬¸¿¬ ©¿­ ¼»­½®·¾»¼
·² Í»½¬·±² íò ×²¬»®»­¬·²¹´§ô ·²·¬·¿´ ·²­¬¿²¬·¿¬·±²­ ±º ¬¸·­ ©±®µ ¸¿ª» º±½«­»¼ ±² ¿´¹»¾®¿·½
speciﬁcations. With regard to algebraic speciﬁcations, it is claimed that an exhaustive test
­»¬ ½±³°±­»¼ ±º ¿´´ ¹®±«²¼ ª¿´«»­ ±º ¬¸» ¿¨·±³­ ©·´´ ¹«¿®¿²¬»» °®±¹®¿³ ½±®®»½¬²»­­ ·º ¬¸»
»¨¸¿«­¬·ª» ¬»­¬ ­»¬ »¨°±­»­ ²± º¿«´¬­ò Ñº ½±«®­»ô ¬¸·­ ·­ ²±¬ ®»¿´´§ °®¿½¬·½¿¾´» ¼«» ¬± ¬¸»
inﬁnite nature of the exhaustive test set. Hence, regularity and uniformity hypotheses, as
¼»­½®·¾»¼ °®»ª·±«­´§ ·² Í»½¬·±² íô ³¿§ ¾» ·²¬®±¼«½»¼ ¬± ´·³·¬ ¬¸» ­·¦» ±º ¬¸» ¬»­¬ ­»¬ò
ß ®»¹«´¿®·¬§ ¸§°±¬¸»­·­ requires identiﬁcation of some complexity measure, which typ-
ically, in the algebraic speciﬁcation context, is the size of a test expression, where size can
¾» ³»¿­«®»¼ ¿­ ¬¸» ²«³¾»® ±º ½±²­¬¿²¬ ¿²¼ ½±²­¬®«½¬±® ±°»®¿¬·±²­ ±½½«®®·²¹ ·² ¬¸» ¬»®³ò
Ì¸»² ¬¸» ®»¹«´¿®·¬§ ¸§°±¬¸»­·­ ­¿§­ ¬¸¿¬ ·º ¬¸» ·³°´»³»²¬¿¬·±² ©±®µ­ ½±®®»½¬´§ º±® ¿´´ ¬»­¬­
«° ¬± ¿ ½»®¬¿·² ­·¦» µ ­¿§ô ·¬ ©·´´ ©±®µ º±® ¿´´ ¬»­¬­ ©·¬¸ ­·¦» ¹®»¿¬»® ¬¸¿² µò ß «²·º±®³·¬§
¸§°±¬¸»­·­ ­¿§­ ¬¸¿¬ ·º ¿ °®±¹®¿³ ©±®µ­ ½±®®»½¬´§ º±® ­±³» ·²°«¬ º®±³ ¿ ­«¾¼±³¿·²ô ¬¸»² ·¬
©±®µ­ ½±®®»½¬´§ º±® ¿´´ ·²°«¬­ º®±³ ¬¸» ­«¾¼±³¿·²ô ·ò»ò ¬¸» °®±¹®¿³ ¾»¸¿ª»­ «²·º±®³´§ ·²
¬¸» ­«¾¼±³¿·²ò ×²¬»®»­¬·²¹´§ô ·¬ ¸¿­ ¾»»² ²±¬»¼ ¬¸¿¬ ­§³¾±´·½ »ª¿´«¿¬·±² ¬»½¸²·¯«»­ ½±«´¼
¾» «­»¼ ¬± ½¸»½µ ¬¸¿¬ ¿ «²·º±®³·¬§ ¸§°±¬¸»­·­ ¸±´¼­ ·² ¬¸» ÍËÌ ÅÎ·½¸¿®¼­±² ¿²¼ Ý´¿®µ»
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
~ ëï
1985]. Typically, in an algebraic speciﬁcation, the domain of some abstract type may in-
ª±´ª» º¿·®´§ ±¾ª·±«­ °¿®¬·¬·±²·²¹ò Ì¸»²ô ®»°®»­»²¬¿¬·ª» ª¿´«»­ ±º ¬¸» ­«¾¼±³¿·²­ ³¿§ ¾»
½¸±­»² «²¼»® ¬¸» ¸§°±¬¸»­·­ ¬¸¿¬ ·º ¬¸» ·³°´»³»²¬¿¬·±² ©±®µ­ º±® ¬»­¬­ ·²ª±´ª·²¹ ¬¸±­» ½¸±ó
­»² ª¿´«»­ô ·¬ ©·´´ ©±®µ º±® ¿´´ ¬»­¬­ ©·¬¸ ±¬¸»® ª¿´«»­ º®±³ ¬¸» ­«¾¼±³¿·²­ò Ý´»¿®´§ ¬¸» «­»
±º ®»¹«´¿®·¬§ ¿²¼ «²·º±®³·¬§ ¸§°±¬¸»­»­ ·­ ²±¬ ®»­¬®·½¬»¼ ¬± ¬¸» ½±²¬»¨¬ ±º ¿´¹»¾®¿·½ ­°»½·ó
ﬁcations. However, it is true to say that they were ﬁrst developed and used as criteria for
helping restrict the potentially very large, if not inﬁnite, number of test cases that might be
generated for the exhaustive test set of an algebraic speciﬁcation.
×² °®¿½¬·½»ô ±²» ±º ¬¸» °»®½»·ª»¼ ª¿´«»­ ±º °¿®¬·¬·±²·²¹ ¿² ·²°«¬ ¼±³¿·² ·²¬± ­«¾¼±³¿·²­
±² ©¸·½¸ ¬¸» ¾»¸¿ª·±«® ±º ¬¸» ÍËÌ ­¸±«´¼ ¾» «²·º±®³ ·­ ¬¸» ¹»²»®¿¬·±² ±º ¬»­¬ ¼¿¬¿ ¿®±«²¼
¬¸» ¾±«²¼¿®·»­ ·² Þ±«²¼¿®§ Ê¿´«» ß²¿´§­·­ øÞÊß÷ ø­»»ô º±® »¨¿³°´»ô ÅÉ¸·¬» ¿²¼ Ý±¸»²
ïçèðå Ý´¿®µ» »¬ ¿´ò ïçèîå Ô»¹»¿®¼ »¬ ¿´ò îððî¿Ã÷ò Ì¸» »­­»²¬·¿´ ·¼»¿ ·­ ¬¸¿¬ ¬¸» ¾±«²¼¿®·»­ ·²
the SUT may not be those in the speciﬁcation (¼±³¿·² »®®±®­÷ ¿²¼ ¬¸¿¬ ¾§ ¬¿µ·²¹ ¬»­¬ ½¿­»­
either side of the expected boundary and close to this boundary we are likely to ﬁnd such
domain errors. This does not ﬁt easily with the uniformity hypothesis that implicitly as-
­«³»­ ¬¸¿¬ ¬¸» ¾±«²¼¿®·»­ ·² ¬¸» ÍËÌ ¿®» ½±®®»½¬ò Ò¿¬«®¿´´§ô ©» ³·¹¸¬ °®±¼«½» ¿´¬»®²¿¬·ª»
hypotheses that reﬂect the possibility of domain errors. One possibility is to assume that
the actual boundaries in the SUT and those in the speciﬁcation are related in a particular
©¿§ò Ú±® »¨¿³°´»ô ·º ¿² »¨°»½¬»¼ ¾±«²¼¿®§ ·­ ¿ ­¬®¿·¹¸¬ ´·²» ±® °´¿²» ¬¸»² ©» ½±«´¼ ¿­­«³»
¬¸¿¬ ¬¸» ¿½¬«¿´ ¾±«²¼¿®§ ·­ »·¬¸»® ½±®®»½¬ ±® ·­ ¿´­± ±º ¬¸» ­¿³» º±®³ ø»ò¹ò ¿ ´·²»ñ°´¿²»÷ ¿²¼
·­ ¿¬ ´»¿­¬ ¿ ½»®¬¿·² À¼·­¬¿²½»ù º®±³ ¬¸» »¨°»½¬»¼ ¾±«²¼¿®§ô º±® ­±³» ³»¿­«®» ±º ¼·­¬¿²½»
­«½¸ ¿­ ¬¸» ª±´«³» ¬¸¿¬ ´·»­ ¾»¬©»»² ¬¸» ¬©± ¾±«²¼¿®·»­ò
èòí Ì»­¬ Ù»²»®¿¬·±²
Test cases can be generated from algebraic speciﬁcations in two distinct, but related, ways:
by using the syntax of operations; and by using the axioms. The ﬁrst method was origi-
²¿´´§ °®»­»²¬»¼ ¾§ Ö¿´±¬» ÅÖ¿´±¬» ïçèíÃ ¿²¼ ´¿¬»® «­»¼ ¾§ Ö¿´±¬» ¿²¼ Ý¿¾¿´´»®± ÅÖ¿´±¬» ¿²¼
Ý¿¾¿´´»®± ïçèèÃ ·² ¿ ½±²¬®±´´»¼ »¨°»®·³»²¬ ¬± ¿­­»­­ ¬¸» »ºº»½¬·ª»²»­­ ±º ¬¸» ¹»²»®¿¬»¼ ¬»­¬
½¿­»­ ¿¬ ¼»¬»½¬·²¹ º¿«´¬­ ·² ·³°´»³»²¬¿¬·±²­ò Ì¸» ­¿³» ¿°°®±¿½¸ ¸¿­ ¿´­± ¾»»² «­»¼ ¾§
É±±¼©¿®¼ ÅÉ±±¼©¿®¼ ïççíÃ ·² ¬¸» ÑÞÖÌÛÍÌ ­§­¬»³ô ©¸·½¸ ©¿­ ¿´­± ¬¸» ª»¸·½´» º±® ¿
­·³·´¿® ½±²¬®±´´»¼ »¨°»®·³»²¬ Åß´´»² ¿²¼ É±±¼©¿®¼ ïççêÃò Ì¸» ­»½±²¼ ³»¬¸±¼ ©¿­ ±®·¹ó
·²¿´´§ °®»­»²¬»¼ ¾§ Ù¿²²±² »¬ ¿´ò ÅÙ¿²²±² »¬ ¿´ò ïçèïÃ ¿­ °¿®¬ ±º ¬¸» Üß×ÍÌÍ ­§­¬»³ò ×¬
¸¿­ ¿´­± ¾»»² «­»¼ ¾§ Ü±±²¹ ¿²¼ Ú®¿²µ´ ÅÜ±±²¹ ¿²¼ Ú®¿²µ´ ïççïå ïççìÃ ·² ¬¸»·® ßÍÌÑÑÌ
¬±±´ô ¾§ Ù¿«¼»´ ¿²¼ ½±´´»¿¹«»­ ÅÞ»®²±¬ »¬ ¿´ò ïççïå Þ±«¹l» »¬ ¿´ò ïçèêå Ý¸±¯«»¬ ïçèêÃ ©·¬¸
¿² ¿°°®±¿½¸ ¾¿­»¼ ±² ´±¹·½ °®±¹®¿³³·²¹ô ¿²¼ ³±®» ®»½»²¬´§ ¾§ Ý¸»² »¬ ¿´ò ÅÝ¸»² »¬ ¿´ò
ïççèå Ý¸»² »¬ ¿´ò îðððå Ý¸»² »¬ ¿´ò îððïÃò
As an illustration of the ﬁrst method of test case generation by purely using operation
­§²¬¿¨ô ½±²­·¼»® ¬¸» ÑÞÖÌÛÍÌ ­§­¬»³ ÅÉ±±¼©¿®¼ ïççíÃ ¬¸¿¬ ¿«¬±³¿¬·½¿´´§ ¹»²»®¿¬»­ ¬»­¬
expressions from algebraic speciﬁcations in the OBJ notation. Each operation in an OBJ
algebraic speciﬁcation is taken in turn and, for each of the arguments in its domain, fur-
¬¸»® ±°»®¿¬·±²­ ¿®» ­«¾­¬·¬«¬»¼ ©¸±­» ®¿²¹»­ ¿®» ±º ¬¸» ¿°°®±°®·¿¬» ¬§°»ò Ì¸·­ ­«¾­¬·¬«¬·±²
continues up to a user-deﬁned depth of operation nesting (i.e. in effect, this is a regularity
hypothesis). In order that a ﬁnite number of ground terms are generated, speciﬁc values
¸¿ª» ¬± ¾» ­»´»½¬»¼ º±® ½»®¬¿·² ¼¿¬¿ ¬§°»­ ­«½¸ ¿­ ¬¸» ²¿¬«®¿´ ²«³¾»®­ ø·ò»ò ·² »ºº»½¬ô ¬¸·­
·­ ¿ «²·º±®³·¬§ ¸§°±¬¸»­·­÷ò Ê¿®·±«­ ±¬¸»® «­»® ½±²¬®±´­ »¨·­¬ ¬± °®«²» ©¸¿¬ ·­ »­­»²¬·¿´´§
an exhaustive enumeration. For the example Bank speciﬁcation from Section 2.6, an auto-
³¿¬·½¿´´§ ¹»²»®¿¬»¼ ­»¬ ±º ¬»­¬ ½¿­»­ ©·¬¸ ±°»®¿¬·±² ²»­¬·²¹ ¼»°¬¸ ¿¬ ³±­¬ º±«®ô ¾¿´¿²½» ¿­
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
ëî ~
¾¿´¿²½»ø »³°¬§ ÷
¾¿´¿²½»ø ½®»¼·¬ø ïððô »³°¬§ ÷ ÷
¾¿´¿²½»ø ½®»¼·¬ø ïððô ½®»¼·¬ø ïððô »³°¬§ ÷ ÷ ÷
¾¿´¿²½»ø ½®»¼·¬ø ïððô ¼»¾·¬ø ïððô »³°¬§ ÷ ÷ ÷
¾¿´¿²½»ø ½®»¼·¬ø ¾¿´¿²½»ø »³°¬§ ÷ô »³°¬§ ÷ ÷
¾¿´¿²½»ø ½®»¼·¬ø ¾¿´¿²½»ø »³°¬§ ÷ô ½®»¼·¬ø ïððô »³°¬§ ÷ ÷ ÷
¾¿´¿²½»ø ½®»¼·¬ø ¾¿´¿²½»ø »³°¬§ ÷ô ¼»¾·¬ø ïððô »³°¬§ ÷ ÷ ÷
¾¿´¿²½»ø ¼»¾·¬ø ïððô »³°¬§ ÷ ÷
¾¿´¿²½»ø ¼»¾·¬ø ïððô ½®»¼·¬ø ïððô »³°¬§ ÷ ÷ ÷
¾¿´¿²½»ø ¼»¾·¬ø ïððô ¼»¾·¬ø ïððô »³°¬§ ÷ ÷ ÷
¾¿´¿²½»ø ¼»¾·¬ø ¾¿´¿²½»ø »³°¬§ ÷ô »³°¬§ ÷ ÷
¾¿´¿²½»ø ¼»¾·¬ø ¾¿´¿²½»ø »³°¬§ ÷ô ½®»¼·¬ø ïððô »³°¬§ ÷ ÷ ÷
¾¿´¿²½»ø ¼»¾·¬ø ¾¿´¿²½»ø »³°¬§ ÷ô ¼»¾·¬ø ïððô »³°¬§ ÷ ÷ ÷
Fig. 17. Example test expressions generated from the syntax of the operations in an algebraic speciﬁcation
the observer (i.e. last) operation in the sequence and the monetary amount ﬁxed solely at
ïððô ©±«´¼ ¾» ¿­ ´·­¬»¼ ·² Ú·¹«®» ïéò ×º ¬¸» ¬»­¬ »¨°®»­­·±²­ ½¿² ¾» ®»¼«½»¼ ¬± ²±®³¿´ º±®³
¬¸·­ ¹·ª»­ ®·­» ¬± ¿² ±®¿½´» º±® ¬¸» ¬»­¬·²¹ °®±½»­­ò Ñº ½±«®­»ô ­«½¸ ¿¾­¬®¿½¬ ¬»­¬ ½¿­»­ ²»»¼
appropriate modiﬁcation to be used as part of a test script for testing the actual implemen-
¬¿¬·±²ò ×² ¿¼¼·¬·±²ô ·º ¿ ­±®¬ ·­ ²±¬ ±¾­»®ª¿¾´» ¬¸»² ·² ¬»­¬·²¹ ©» ½¿²²±¬ ½±³°¿®» ª¿´«»­ ¿²¼
­± ­«½¸ ¬»®³­ ½¿²²±¬ ¾» ¼·®»½¬´§ «­»¼ ¿­ ±®¿½´»­ ø­»»ô º±® »¨¿³°´»ô ÅÓ¿½¸¿¼± îðððÃ÷ò
ß­ ¿² ·´´«­¬®¿¬·±² ±º ¬¸» ­»½±²¼ ³»¬¸±¼ ±º ¬»­¬ ½¿­» ¹»²»®¿¬·±² ¾§ «­·²¹ ¬¸» ¿¨·±³­ô
½±²­·¼»® ¬¸» Üß×ÍÌÍ ­§­¬»³ ÅÙ¿²²±² »¬ ¿´ò ïçèïÃ ¬¸¿¬ ®»¯«·®»¼ ¬¸» «­»® ¬± ­«°°´§ ¬»®³­
¬¸¿¬ ©»®» ­«¾­¬·¬«¬»¼ º±® ¬¸» º®»» ª¿®·¿¾´»­ ±º ¬¸» ¿¨·±³­ò Ú±® »¨¿³°´»ô «­·²¹ ¬¸» Þ¿²µ
speciﬁcation, for axioms 3 and 4 one might choose the following two substitutions:
² ã ëðô ¿½½ ã ¼»¾·¬ø îëô ½®»¼·¬ø ïððô »³°¬§ ÷ ÷
² ã éëô ¿½½ ã ¼»¾·¬ø ïððô ½®»¼·¬ø ïððô »³°¬§ ÷ ÷
Üß×ÍÌÍ ¬¸»² ·²ª±µ»¼ ¬¸» ·³°´»³»²¬¿¬·±² º«²½¬·±²­ ½±®®»­°±²¼·²¹ ¬± ¬¸» ­»¯«»²½» ±º
±°»®¿¬·±²­ ±² ¬¸» ´»º¬ó¸¿²¼ ­·¼» ¿²¼ ±² ¬¸» ®·¹¸¬ó¸¿²¼ ­·¼» ±º ¬¸» ¿¨·±³ ¿²¼ ½±³°¿®»¼ ¬¸»
®»­«´¬­ò ß ¼·­½®»°¿²½§ ©±«´¼ ¸¿ª» ·²¼·½¿¬»¼ ¿ º¿«´¬ò
Ì¸» ßÍÌÑÑÌ ­§­¬»³ ±º Ü±±²¹ ¿²¼ Ú®¿²µ´ ÅÜ±±²¹ ¿²¼ Ú®¿²µ´ ïççïå ïççìÃ ©¿­ ·²
³¿²§ ©¿§­ ®¿¬¸»® ­·³·´¿®ô »¨½»°¬ ¬¸¿¬ ¿ ¬±±´ ©¿­ «­»¼ ¬± ¹»²»®¿¬» ®¿²¼±³ ­»¯«»²½»­ ±º
­§²¬¿½¬·½¿´´§óª¿´·¼ ±°»®¿¬·±²­ ¸¿ª·²¹ °¿®¬·½«´¿® °®±°»®¬·»­ò Ú±® »¿½¸ ­»¯«»²½» Íïô ¬¸» ¿¨ó
·±³­ ©»®» «­»¼ ¿­ ®»©®·¬» ®«´»­ ¬± ¹»²»®¿¬» ¿² »¯«·ª¿´»²¬ ­»¯«»²½» Íîò ßÍÌÑÑÌ ¿´­± ¸¿¼
¬¸» º¿½·´·¬§ º±® ¹»²»®¿¬·²¹ ¿ ²±²ó»¯«·ª¿´»²¬ ­»¯«»²½»ô ­± ¬¸¿¬ô ·² ¹»²»®¿´ô ¬»­¬ ½¿­»­ ©»®»
±º ¬¸» º±®³ øÍïô Íîô ¬¿¹÷ô ©¸»®» ¬¿¹ ·­ »·¬¸»® »¯«·ª¿´»²¬ ±® ²±²ó»¯«·ª¿´»²¬ò Ì¸»
±°»®¿¬·±² ­»¯«»²½»­ ©»®» ©®·¬¬»² ·² ¿ ³¿²²»® ³±®» ¿µ·² ¬± ¿ °®±¹®¿³ ¬®¿½» ®¿¬¸»® ¬¸¿²
¿ º«²½¬·±²¿´ º±®³ò Ú±® »¨¿³°´»ô ¬¸» »¨°®»­­·±² Û ±º Í»½¬·±² îòê ³·¹¸¬ ¿°°»¿® ¿­æ Û ã
»³°¬§ò½®»¼·¬øïðð÷ò¾¿´¿²½»ò
Ý¸»² »¬ ¿´ò ÅÝ¸»² »¬ ¿´ò ïççèÃ ·³°®±ª»¼ ±² ¬¸» ßÍÌÑÑÌ ¿°°®±¿½¸ ±º «­·²¹ °¿·®­ ±º
»¯«·ª¿´»²¬ ¹®±«²¼ ¬»®³­ ¿­ ¬¸» ¾¿­·­ º±® ¬»­¬ ½¿­» ¹»²»®¿¬·±² ¾§ ·²¬®±¼«½·²¹ ¬¸» ²±¬·±² ±º
¿ º«²¼¿³»²¬¿´ °¿·®ò ß º«²¼¿³»²¬¿´ °¿·® ·­ º±®³»¼ ¾§ ®»°´¿½·²¹ ¿´´ ¬¸» ª¿®·¿¾´»­ ±² ¾±¬¸
­·¼»­ ±º ¿² ¿¨·±³ ¾§ ²±®³¿´ º±®³­ ®¿¬¸»® ¬¸¿² ¶«­¬ ¿²§ ­§²¬¿½¬·½¿´´§óª¿´·¼ ¬»®³ò Ý¸»² »¬
al. proved that a complete implementation of a canonical speciﬁcation is consistent with
®»­°»½¬ ¬± ¿´´ »¯«·ª¿´»²¬ ¬»®³­ô ·º ¿²¼ ±²´§ ·º ·¬ ·­ ½±²­·­¬»²¬ ©·¬¸ ®»­°»½¬ ¬± ¿´´ º«²¼¿³»²¬¿´
pairs. Thus, the use of fundamental pairs as test cases is sufﬁcient to cover all equivalent
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
~ ëí
¬»®³­ò Ú±® ¬¸» Þ¿²µ »¨¿³°´» ±º Í»½¬·±² îòêô ¬¸» ¬©± »¯«·ª¿´»²¬ ¹®±«²¼ ¬»®³­æ
¾¿´¿²½»ø ½®»¼·¬ø ëðô ½®»¼·¬ø ïððô »³°¬§ ÷ ÷ ÷
¾¿´¿²½»ø ½®»¼·¬ø ïððô »³°¬§ ÷ ÷ õ ëð
½¿² ¾» ±¾¬¿·²»¼ ¾§ ®»°´¿½·²¹ ¬¸» ª¿®·¿¾´»­ ² ¿²¼ ¿½½ ·² ¿¨·±³ î ¾§ ¬¸» ²±®³¿´ º±®³­ ëð
¿²¼ ½®»¼·¬ø ïððô »³°¬§ ÷ ®»­°»½¬·ª»´§å ¸»²½» ¬¸»§ º±®³ ¿ º«²¼¿³»²¬¿´ °¿·®ò Ø±©»ª»®ô
¬¸» º±´´±©·²¹ °¿·® ±º »¯«·ª¿´»²¬ ¹®±«²¼ ¬»®³­ ·­ ²±¬ º«²¼¿³»²¬¿´æ
¾¿´¿²½»ø½®»¼·¬ø ¾¿´¿²½»ø½®»¼·¬øëðô»³°¬§÷÷ô ½®»¼·¬øïððô»³°¬§÷ ÷÷
ïëð
ß´¬¸±«¹¸ ¬¸» ­»¬ ±º º«²¼¿³»²¬¿´ °¿·®­ ·­ ¿ °®±°»® ­«¾­»¬ ±º ¬¸» ­»¬ ±º »¯«·ª¿´»²¬ ¹®±«²¼
terms, it may still be an inﬁnite set. Chen et al. suggested an algorithm for generating a
ﬁnite number of test cases that relies on constructing all patterns of normal forms from the
½±²­¬¿²¬­ ¿²¼ ½±²­¬®«½¬±®­ ±º ¬¸» ¿¾­¬®¿½¬ ¬§°» «²¼»® ¬»­¬ô ­«½¸ ¬¸¿¬ ¬¸» °¿¬¬»®² ´»²¹¬¸ ¼±»­
²±¬ »¨½»»¼ ­±³» °±­·¬·ª» ·²¬»¹»® µô ¼»¬»®³·²»¼ º®±³ ©¸·¬»ó¾±¨ ¿²¿´§­·­ ±º ¬¸» ·³°´»³»²ó
¬¿¬·±² ±®ô ¿´¬»®²¿¬·ª»´§ô ­«°°´·»¼ ¾§ ¬¸» ¬»­¬»®ò Ì¸·­ ·­ ²±¬ «²´·µ» ¿ ®»¹«´¿®·¬§ ¸§°±¬¸»­·­ò
Ý¸»² »¬ ¿´ò ¿´­± ®»½±³³»²¼ ¬»­¬·²¹ «­·²¹ ²±²ó»¯«·ª¿´»²¬ ¹®±«²¼ ¬»®³­ô ´·µ» Ü±±²¹ ¿²¼
Ú®¿²µ´ò
èòì Ý¿­» ­¬«¼·»­ ¿²¼ ¬±±´­
èòìòï ß Ì»¨¬ Û¼·¬±®ò Üß×ÍÌÍ ÅÙ¿²²±² »¬ ¿´ò ïçèïÃ ­¬¿²¼­ º±® Ü¿¬¿óß¾­¬®¿½¬·±² ×³°´»ó
mentation, Speciﬁcation and Testing System. It was a compiler-based tool developed by
Ù¿²²±²ô Ó½Ó«´´·² ¿²¼ Ø¿³´»¬ ¬¸¿¬ ¿´´±©»¼ ßÜÌ­ ·³°´»³»²¬»¼ ·² Í×ÓÐÔóÜ ¬± ¾» ¬»­¬»¼
for consistency with speciﬁcation axioms, given user-supplied test cases and an equality
function for each new type in the speciﬁcation. McMullin and Gannon [McMullin and
Ù¿²²±² ïçèíÃ «­»¼ ¬¸» Üß×ÍÌÍ ­§­¬»³ ¬± ­°»½·º§ô ·³°´»³»²¬ ¿²¼ ¬»­¬ ¿ ®»½±®¼ó±®·»²¬»¼
¬»¨¬ »¼·¬±® ­·³·´¿® ¬± ¬¸» ±²» ¼»­½®·¾»¼ ¾§ Õ»®²·¹¸¿² ¿²¼ Ð´¿«¹»® ÅÕ»®²·¹¸¿² ¿²¼ Ð´¿«¹»®
1981]. The editor required a list of editing commands in a ﬁle, which it then applied to the
ﬁle of text that was to be edited. The editor maintained a pointer to the current position in
the ﬁle being edited and the editor commands operated relative to that position. Commands
·²½´«¼»¼ ¬»¨¬ ·²­»®¬·±²ô ¼»´»¬·±²ô ¿²¼ °¿¬¬»®² ­»¿®½¸ ©·¬¸ ­«¾­¬·¬«¬·±²ò
ß´¬¸±«¹¸ ¬¸» ¬»¨¬ »¼·¬±® ©¿­ ¿ ©»´´óµ²±©² ¿²¼ ½¿®»º«´´§ ¼±½«³»²¬»¼ ­·¬«¿¬·±²ô ­»ª»®¿´
problems were found in the requirements when the algebraic speciﬁcation was developed.
The full text editor speciﬁcation consisted of four modules with a total of îïï ¿¨·±³­ò Ë²·¬
¬»­¬·²¹ »²­«®»¼ ¬¸¿¬ ¬¸» ¿¨·±³­ ¿²¼ ¬¸» ·³°´»³»²¬¿¬·±² ©»®» ½±²­·­¬»²¬ º±® ¬¸» ½¸±­»² ¬»­¬
¼¿¬¿ò ß­ ³»²¬·±²»¼ °®»ª·±«­´§ô ¬¸» ¾«·´¬ó·² ³±²·¬±®·²¹ ±º ¬¸» Üß×ÍÌÍ ­§­¬»³ ®»¯«·®»¼ ¬»­¬
¼¿¬¿ ¬± ¾» ­«°°´·»¼ ¬± »¨»½«¬» »ª»®§ ¿¨·±³ ¾®¿²½¸ ¿²¼ »ª»®§ ·³°´»³»²¬¿¬·±² ­¬¿¬»³»²¬ò
É·¬¸ ®»¹¿®¼ ¬± ¬¸» Üß×ÍÌÍ ®»¯«·®»³»²¬ ±º »¨°®»­­·±² ½±ª»®¿¹»ô ²¿³»´§ ¬¸¿¬ »¿½¸ »¨°®»­ó
­·±² ·² ¬¸» ¿¨·±³­ ¿²¼ ¬¸» ½±¼» ¸¿¼ ¿¬ ´»¿­¬ ¬©± ¼·ºº»®»²¬ ª¿´«»­ ¼«®·²¹ ¬»­¬·²¹ô ¿ ª¿´«»
±º çëû ©¿­ »¿­§ ¬± ¿½¸·»ª»ô ¾«¬ ¸·¹¸»® ¬¸¿² ¬¸¿¬ ®»¯«·®»¼ ½±²­·¼»®¿¾´» »ºº±®¬ò ×²¬»¹®¿¬·±²
¬»­¬·²¹ »¨°±­»¼ ¬©± º¿«´¬­ò Ñ²» º¿«´¬ ©¿­ ³¿²·º»­¬»¼ ¿­ ¿ º«²½¬·±² ¬¸¿¬ »¨¬®¿½¬»¼ ¿ ­«¾ó
®»½±®¼ ©·¬¸ ±²» ½¸¿®¿½¬»® ¬±± ³¿²§ ¿²¼ ±®·¹·²¿¬»¼ º®±³ ¿² ·²½±®®»½¬ âã ·² °´¿½» ±º ¿ âò
Ì¸» ±¬¸»® º¿«´¬ ©¿­ ³¿²·º»­¬»¼ ¿­ ¿ ®±«¬·²» ¬¸¿¬ ·²­»®¬»¼ ¼«°´·½¿¬» ½¸¿®¿½¬»®­ ¿²¼ô ·² º¿½¬ô
both the speciﬁcation and the implementation were wrong in the same way.
Ó½Ó«´´·² ¿²¼ Ù¿²²±² ½±²½´«¼»¼ ¬¸¿¬ô ¿´¬¸±«¹¸ ¬¸» «­» ±º ¿´¹»¾®¿·½ ¿¨·±³­ ¿­ ¿ º±®³¿´
speciﬁcation language was unwieldy in parts, the overall experience was a successful one
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
ëì ~
with requirements deﬁciencies being highlighted and very few faults persisting until the
·²¬»¹®¿¬·±² ¬»­¬·²¹ ­¬¿¹»ò
èòìòî ß Ë²·¨ó´·µ» Ü·®»½¬±®§ Ü·­°´¿§ Ì±±´ò Ù»®®¿®¼ »¬ ¿´ò ÅÙ»®®¿®¼ »¬ ¿´ò ïççðÃ ¿¼ª±ó
cated the use of algebraic speciﬁcations to perform ‘design time testing’. As a case study
they used a speciﬁcation of a tool for producing a ﬂattened representation of a hierarchical
Ë²·¨ó´·µ» ¼·®»½¬±®§ ­¬®«½¬«®»ò Ù·ª»² ¿­ ·²°«¬ ¿ ¼·®»½¬±®§ ­¬®«½¬«®» ·² ¬¸» º±®³ ±º ¿ ¬®»» ¿²¼
¿ ¼·®»½¬±®§ ²¿³» ©·¬¸·² ¬¸» ¬®»»ô ¬¸» ¬±±´ ©¿­ ®»¯«·®»¼ ¬± ±«¬°«¬ ·² ¿ ´·­¬ó´·µ» ³¿²²»® ¬¸»
«²¼»®´§·²¹ ­«¾¬®»» ¬¸¿¬ ¸¿¼ ¬¸» ¹·ª»² ²¿³» ¿­ ·¬­ °¿®»²¬ò
Gerrard et al. distinguished between two kinds of formal speciﬁcation: a requirements
speciﬁcation which states the nature of a problem non-algorithmically and a constructive
speciﬁcation to ‘blueprint the design for a solution’. For the latter they used the OBJ
algebraic speciﬁcation language with its equationally-deﬁned ADTs and for the former
they used an enrichment of OBJ with so-called ‘theory’ modules that accommodate ﬁrst-
±®¼»® ´±¹·½ò
In essence, the requirements speciﬁcation constitutes theorems to be proven about the
constructive speciﬁcation. Since veriﬁcation was not practically feasible however, they re-
lied upon testing of the constructive OBJ speciﬁcation using its term rewriting feature and
®»¹«´¿®·¬§ ¿²¼ «²·º±®³·¬§ ¸§°±¬¸»­»­ò Ì¸» ²«³¾»® ±º ²¿³»­ ·² ¬¸» ¼·®»½¬±®§ ­¬®«½¬«®» ©¿­
«­»¼ ¿­ ¬¸» ½±³°´»¨·¬§ ³»¿­«®» º±® ¬¸» ®»¹«´¿®·¬§ ¸§°±¬¸»­·­ ¿²¼ ¬¸» ª¿´«» ë ©¿­ ½¸±­»²
¹·ª·²¹ ®·­» ¬± îî ¼·ºº»®»²¬ ¬®»» ­¬®«½¬«®»­ò Ûª»² ©·¬¸ ¬¸·­ ´·³·¬¿¬·±² ¬¸» ²«³¾»® ±º ¬»­¬ ½¿­»­
was inﬁnite, because there were inﬁnitely many names from which to choose the required
ﬁve. Since no semantic value was attached to the names, a uniformity hypothesis was used
¬± ¶«­¬·º§ ¿² ¿®¾·¬®¿®§ ­»¬ ±º º±«® ²¿³»­ º±® °±°«´¿¬·²¹ ¿ ­·²¹´» ®»°®»­»²¬¿¬·ª» º®±³ »¿½¸ ±º
¬¸» îî ¬®»»­ò Ì©± ±¾­»®ª»® ±°»®¿¬·±²­ ©»®» ¼»ª»´±°»¼ ·² ÑÞÖ ¬± ¸»´° ½¸»½µ ¬¸¿¬ ¬¸» ±®·¹ó
inal tree structure and its ﬂattened form were identical. One of these observer operations
®»¯«·®»¼ »²«³»®¿¬·±² ±º ¬¸» °¿¬¸­ º®±³ ¬¸» ®±±¬ ²±¼» º±® »¿½¸ ±º ¬¸» ¬®»» ­¬®«½¬«®»­ò ×²
¬±¬¿´ô ¬¸·­ ¿°°®±¿½¸ ¹¿ª» ®·­» ¬± îåðîì ­»°¿®¿¬» ¬»­¬ »¨°®»­­·±²­ º±® »¨»½«¬·±² ¾§ ¬¸» ¬»®³
®»©®·¬·²¹ »²¹·²»ô »ª»®§ ±²» ±º ©¸·½¸ ¹¿ª» ¬¸» »¨°»½¬»¼ ®»­«´¬ò Ì¸» ¬»­¬ »¨°®»­­·±²­ ©»®»
¹»²»®¿¬»¼ ³¿²«¿´´§ô ¾«¬ Ù»®®¿®¼ »¬ ¿´ò ®»³¿®µ ¬¸¿¬ ­±³» ¼»¹®»» ±º ¿«¬±³¿¬·±² ©±«´¼ ¸¿ª»
been beneﬁcial.
×¬ ­¸±«´¼ ¾» »³°¸¿­·¦»¼ ¬¸¿¬ ¬¸·­ ½¿­» ­¬«¼§ ¼·ºº»®­ º®±³ ¬¸» ±¬¸»®­ ¼»­½®·¾»¼ ¸»®» ·² ¬¸¿¬
the algebraic speciﬁcation itself is being validated against a more abstract speciﬁcation.
Such validation can have signiﬁcant value since ﬁxing faults in a speciﬁcation is much
more expensive if we do not ﬁnd these faults until later development phases. Gerrard et al.
consider the development of the algebraic speciﬁcation as a step in the design process and
·¬­ ¬»­¬·²¹ ·­ ­»»² ¿­ ¿ ©¿§ ±º »²­«®·²¹ ¿ ­»½«®» ¼»­·¹²ò Ñº ½±«®­»ô ©» ½¿² ²»ª»® »²¬·®»´§
get away from the issue of whether our speciﬁcation or requirements statement is correct
­·²½» «´¬·³¿¬»´§ ©» ¿®» ¿·³·²¹ ¬± ­¿¬·­º§ ¿ ­»¬ ±º «²­¬¿¬»¼ «­»® ®»¯«·®»³»²¬­ ®¿¬¸»® ¬¸¿² ¿
º±®³¿´ ­¬¿¬»³»²¬ ±º ¬¸»­» ®»¯«·®»³»²¬­ò
èòìòí ß² ß«¬±³¿¬»¼ Í«¾©¿§ Í§­¬»³ò Ü¿«½¸§ »¬ ¿´ò ÅÜ¿«½¸§ »¬ ¿´ò ïççíÃ «­»¼ ¿² ¿´ó
gebraic speciﬁcation of a safety-critical piece of software to derive test cases. The spec-
iﬁcation was for the safety control part of the onboard software of an unmanned subway
system; it was written in the PLUSS algebraic speciﬁcation language. The LOFT tool was
«­»¼ ¬± °»®º±®³ ¿«¬±³¿¬·½ ¬»­¬ ¼¿¬¿ ­»´»½¬·±² ±² ¬©± ³±¼«´»­ò ÔÑÚÌ ÅÞ»®²±¬ »¬ ¿´ò ïççïå
Þ±«¹l» »¬ ¿´ò ïçèêå Ü¿«½¸§ »¬ ¿´ò ïççíÃ ­¬¿²¼­ º±® ÔÑ¹·½ º±® Ú«²½¬·±²­ ¿²¼ Ì»­¬·²¹ ¿²¼
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
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was developed by Gaudel and colleagues. It transformed axioms speciﬁed in PLUSS into
Ø±®² ½´¿«­»­ò Ì¸»² ¿ ´±¹·½ °®±¹®¿³³·²¹ ­§­¬»³ ·² Ð®±´±¹ ·­ «¬·´·¦»¼ ¬± ¹»²»®¿¬» ¬»­¬ ¼¿¬¿
¿«¬±³¿¬·½¿´´§ò Ì¸» °®±½»­­ ·­ ½±²¬®±´´»¼ ¾§ ®»¹«´¿®·¬§ ¿²¼ «²·º±®³·¬§ ¸§°±¬¸»­»­ ½¸±­»²
¾§ ¬¸» «­»®ò
Ñ²» ³±¼«´»ô ½¿´´»¼ ¼±±®­ô ©¿­ ½±²½»®²»¼ ©·¬¸ ¬¸» ½±²¬®±´ ³»½¸¿²·­³ º±® ±°»²·²¹ ¬¸»
¼±±®­ò ×¬­ º«²½¬·±² ©¿­ ¬± ®¿·­» ¿² ¿´¿®³ ¿²¼ ·²ª±µ» »³»®¹»²½§ ¾®¿µ·²¹ ·º ¿ ¼¿²¹»®±«­
­·¬«¿¬·±² ±½½«®­ò ×² ¹»²»®¿´ô ¬¸» ¼±±®­ ­¸±«´¼ ²±®³¿´´§ ±²´§ ±°»² ±² ¬¸» °´¿¬º±®³ó­·¼»
while the train is not moving. However, to increase passenger ﬂow the doors are allowed
¬± ±°»² ©¸»² ¬¸» ­°»»¼ ·­ ´»­­ ¬¸¿² ­±³» ­³¿´´ ª¿´«»ò Ì®¿½µó­·¼» ¼±±®­ ¿®» °»®³·¬¬»¼ ¬±
±°»² ·º ¬¸» ¬®¿·² ·­ ­¬±°°»¼ ±² ¿ ­·¼» ¬®¿½µò
Ì¸» ±¬¸»® ³±¼«´»ô ½¿´´»¼ ±ª»®­°»»¼, was responsible for ﬁring an alarm if the train’s
­°»»¼ ©¿­ ¬±± ¸·¹¸ò ×² ²±®³¿´ ±°»®¿¬·±² ¬¸» ´·³·¬·²¹ ­°»»¼ ·­ ª¿®·¿¾´» ¿²¼ ·­ ¬¸» ­³¿´´»­¬
of four separate limit speeds, depending on: (1) the position of the ﬁrst train ahead; (2)
¬¸» °±·²¬ ¾»º±®» ©¸·½¸ ¬¸» ¬®¿·² ³«­¬ ­¬±°å øí÷ ­±³» ¿«¬¸±®·¦¿¬·±²­ º®±³ ¹®±«²¼ó¾¿­»¼
»¯«·°³»²¬å ¿²¼ øì÷ ¬¸» ¹»±³»¬®§ ±º ¬¸» ¬®¿½µò
The full speciﬁcation consisted of ten other, more primitive, modules in addition to the
¬©± ¬¸¿¬ ©»®» ¬¸» º±½«­ ±º ½±²½»®²ò Ñ²» µ»§ ³±¼«´» «­»¼ ¾§ ¾±¬¸ ¬¸» ¼±±®­ ¿²¼ ¬¸»
±ª»®­°»»¼ ³±¼«´»­ ©¿­ ½¿´´»¼ ­¬¿¬»; it deﬁned the data structure to store the current
ª¿´«»­ ±º ¬¸» ¬®¿·² °¿®¿³»¬»®­ò
Ó±¼«´»­ ©»®» ¬»­¬»¼ ¾±¬¬±³ó«°ô ·ò»ò »ª»®§ «­»¼ ³±¼«´» ·² ¿ ¹·ª»² ³±¼«´» «²¼»® ¬»­¬
was assumed to be already tested. Uniformity hypotheses were applied to types deﬁned in
¬¸» «­»¼ ³±¼«´»­ô ·ò»ò ·¬ ©¿­ ¿­­«³»¼ ¹±±¼ »²±«¹¸ ¬± ¸¿ª» ¶«­¬ ±²» ª¿´«» ±º ¿ ­«¾¼±³¿·²
in the test set. Regularity hypotheses were applied to types deﬁned in the module under
¬»­¬ò Ú»© ¼»¬¿·´­ ©»®» ­«°°´·»¼ ±º ¬¸» ²«³¾»® ±º ¬»­¬­ ¹»²»®¿¬»¼ ¿²¼ ¬¸»®» ·­ ²± ®»°±®¬ ±º
¿²§ º¿«´¬­ ¼·­½±ª»®»¼ò Ø±©»ª»®ô Ü¿«½¸§ »¬ ¿´ò ®»³¿®µ ¬¸¿¬ ¿°°´·½¿¬·±² ±º ¬¸»·® ¿°°®±¿½¸
¬± ¬¸» ¼±±®­ ³±¼«´» ©¿­ À­«®°®·­·²¹´§ »¿­§ù ¿²¼ ´»¼ ¬± ­±³» ·²¬»¹®¿¬·±² ¬»­¬·²¹ ­½»²¿®·±­
¬¸¿¬ ¬¸» ³¿²«º¿½¬«®»® ¸¿¼ ²±¬ °´¿²²»¼ ¬± ¬»­¬ò ß°°´·½¿¬·±² ¬± ¬¸» ±ª»®­°»»¼ ³±¼«´» ©¿­
apparently more difﬁcult, largely because the decomposition of the domain of the limiting
­°»»¼ ©¿­ ¬¸» °®±¼«½¬ ±º ¬¸» ¼»½±³°±­·¬·±²­ º±® ¬¸» º±«® ­»°¿®¿¬» ´·³·¬·²¹ ­°»»¼­ ·² ¿²
axiom for the minimum of four parameters. This led to some proposed reﬁnements in the
¬»­¬ ­»´»½¬·±² ¬±±´ ·² ±®¼»® ¬± µ»»° ¬¸» ²«³¾»® ±º ¬»­¬ ½¿­»­ ¬®¿½¬¿¾´»ò
èòìòì Ì©± ß¾­¬®¿½¬ Ü¿¬¿ Ì§°»­ò ßÍÌÑÑÌ ÅÜ±±²¹ ¿²¼ Ú®¿²µ´ ïççïå ïççìÃ ­¬¿²¼­ º±®
ß Í»¬ ±º Ì±±´­ º±® Ñ¾¶»½¬óÑ®·»²¬»¼ Ì»­¬·²¹ ¿²¼ ½¿² ¾» ½±²­·¼»®»¼ ¿­ ¿ ¹»²»®¿´·­¿¬·±² ±º
Üß×ÍÌÍò ×¬ ©¿­ ¼»ª»´±°»¼ ¾§ Ü±±²¹ ¿²¼ Ú®¿²µ´ ¿²¼ ©¿­ ¿·³»¼ ¿¬ ½´¿­­ ¬»­¬·²¹ ±º ÑÑ
°®±¹®¿³­ò ×¬ ½±²­·­¬»¼ ±º ¬¸®»» ½±³°±²»²¬­æ ¿ ¬»­¬ ¼®·ª»® ¹»²»®¿¬±®ô ¿ ½±³°·´»® ¿²¼ ¿
simpliﬁer. The driver generator used the interface of the class under test to build a test
¼®·ª»® ¬¸¿¬ô ©¸»² »¨»½«¬»¼ô ®»¿¼ ¬»­¬ ½¿­»­ô »¨»½«¬»¼ ¬¸»³ ¿²¼ ¬¸»² ½¸»½µ»¼ ¬¸» ®»­«´¬­ò
The compiler and simpliﬁer worked together forming a tool for automatic generation of
test cases from algebraic speciﬁcations in the LOBAS notation.
Ü±±²¹ ¿²¼ Ú®¿²µ´ ÅÜ±±²¹ ¿²¼ Ú®¿²µ´ ïççïå ïççìÃ ¼»­½®·¾» ¬©± ½¿­» ­¬«¼·»­ ¬¸¿¬ ·²ó
ª±´ª»¼ «­·²¹ ßÍÌÑÑÌ ¬± ¬»­¬ À¾«¹¹§ù ßÜÌ ·³°´»³»²¬¿¬·±²­ ±º ¿ °®·±®·¬§ ¯«»«» ¿²¼ ¿
­±®¬»¼ ´·­¬ò ß´¬¸±«¹¸ ¼»­½®·¾»¼ ¿­ ½¿­» ­¬«¼·»­ô ¬¸» ·²ª»­¬·¹¿¬·±² ¸¿¼ ­±³» º»¿¬«®»­ ³±®»
·²¼·½¿¬·ª» ±º ¿ ½±²¬®±´´»¼ »¨°»®·³»²¬ò Ì¸» °®·±®·¬§ ¯«»«» ©¿­ ·³°´»³»²¬»¼ «­·²¹ ¿ À¸»¿°ù
¬¸¿¬ ·­ ¿ ½±³°´»¬» ¾·²¿®§ ¬®»» ·² ©¸·½¸ »¿½¸ ²±¼» ·­ ¹®»¿¬»® ¬¸¿² ±® »¯«¿´ ¬± ·¬­ ½¸·´¼®»²ò ß
­·²¹´» ±ººó¾§ó±²» º¿«´¬ ©¿­ ·²¬®±¼«½»¼ ·² ¬¸» ¼»´»¬» ±°»®¿¬·±²ò Ì¸» ­±®¬»¼ ´·­¬ ©¿­ ·³°´»ó
³»²¬»¼ «­·²¹ ¿ îóí ¬®»» ø¿ ­°»½·¿´ ½¿­» ±º ¿ Þó¬®»»÷ ¿²¼ ½±²­·­¬»¼ ±º ¿°°®±¨·³¿¬»´§ ïåððð
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
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´·²»­ ±º Û·ºº»´ ½±¼»ò Ì¸» ¾«¹¹§ ª»®­·±² ©¿­ °®±¼«½»¼ ¾§ ¼»´»¬·²¹ ±²» °¿®¬·½«´¿® ´·²» ±º ¬¸»
·³°´»³»²¬¿¬·±²ò
For each ADT, correct algebraic speciﬁcations were produced in the authors’ LOBAS
speciﬁcation language. Using the speciﬁcation axioms, several thousand test cases were
®¿²¼±³´§ ¹»²»®¿¬»¼ º±® »¿½¸ ßÜÌ ©·¬¸ ª¿®·±«­ ­»¯«»²½» ´»²¹¬¸­ ±º ±°»®¿¬·±²­ô ª¿®·±«­
®¿²¹»­ ·² ©¸·½¸ °¿®¿³»¬»® ª¿´«»­ ½±«´¼ ´·» ¿²¼ ª¿®·±«­ º®»¯«»²½·»­ ±º ±½½«®®»²½» ±º ¬¸»
different operators involved. For each test case the equivalent simpliﬁed sequence after
¬»®³ ®»©®·¬·²¹ ©¿­ ¹»²»®¿¬»¼ò Ì¸» ¬»­¬ ½¿­»­ ©»®» »¨»½«¬»¼ ±² ¬¸» ¾«¹¹§ ·³°´»³»²¬¿¬·±²­
©·¬¸ ¬¸» ¸»´° ±º ¿² ¿«¬±³¿¬·½¿´´§ó°®±¼«½»¼ ¬»­¬ ¼®·ª»®ò Þ§ «­·²¹ ¿² ¿°°®±¨·³¿¬» ³»¬¸±¼
º±® ¼»¬»®³·²·²¹ ±¾­»®ª¿¬·±²¿´ »¯«·ª¿´»²½» ±º ¬¸» ½´¿­­»­ «²¼»® ¬»­¬ô ¬¸» °»®½»²¬¿¹»­ ±º ¬»­¬
½¿­»­ ©»®» ¼»¬»®³·²»¼ ¬¸¿¬ »¨°±­»¼ ¬¸» º¿«´¬ ·² »¿½¸ ·³°´»³»²¬¿¬·±²ò Ú±® ¾±¬¸ ßÜÌ­ô
®»­«´¬­ ­¸±©»¼ ¬¸¿¬ ´±²¹ ±®·¹·²¿´ ­»¯«»²½»­ ¼± ¾»¬¬»® ¬¸¿² ­¸±®¬»® ±²»­ô °®±ª·¼»¼ ¬¸¿¬ ¬¸»
®¿²¹» ±º °¿®¿³»¬»®­ ·­ ´¿®¹» »²±«¹¸ ¬± ¬¿µ» ¿¼ª¿²¬¿¹» ±º ¬¸» ´»²¹¬¸­ò Ü±±²¹ ¿²¼ Ú®¿²µ´
offered some tentative guidelines for test case generation that reﬂected this ﬁnding.
èòìòë Ñ¬¸»® ¬±±´­ò Ü¿·­¬·­¸ ÅØ«¹¸»­ ¿²¼ Í¬±¬¬­ ïççêÃô ¿­ ¬¸» ²¿³» ·³°´·»­ô ©¿­ ¿ ­§­ó
¬»³ ­·³·´¿® ¬± Üß×ÍÌÍ ¾«¬ ©¿­ ¼»­·¹²»¼ ¬± ¾» ³±®» ¼·®»½¬´§ ¿°°´·½¿¾´» ¬± ÑÑ °®±¹®¿³­
¬¸¿¬ ±°»®¿¬»ô ²±¬ ¾§ º«²½¬·±² ¿°°´·½¿¬·±²ô ¾«¬ ®¿¬¸»® ¾§ ³»¿²­ ±º ³»¬¸±¼­ ¬¸¿¬ ³¿§ ¿´¬»® ¬¸»
­¬¿¬» ±º ¿² ±¾¶»½¬ ¿­ ¿ ­·¼» »ºº»½¬ò ×¬ ©¿­ ¼»ª»´±°»¼ ¾§ Ø«¹¸»­ ¿²¼ Í¬±¬¬­ ¿­ ¿ Ð»®´ ­½®·°¬
that processed an ADT speciﬁcation, along with the code for implementing the ADT, to
°®±¼«½» ¿ ¬»­¬ ¼®·ª»®ò Ð®±¬±¬§°» ª»®­·±²­ ©»®» ¼»ª»´±°»¼ º±® °®±¹®¿³­ ©®·¬¬»² ·² Û·ºº»´ ¿²¼
Ýõõò
ÎÑÝÍ ÅÝ¸»² »¬ ¿´ò îðððÃ ­¬¿²¼­ º±® Î»´»ª¿²¬ Ñ¾­»®ª¿¾´» Ý±²¬»¨¬Í ©¸·½¸ ·­ ¬¸» ¬»½¸ó
nique implemented in this system by Chen, Tse and Deng. It ﬁrst utilizes the fundamental
°¿·® ¿°°®±¿½¸ ±º Ý¸»² »¬ ¿´ò ÅÝ¸»² »¬ ¿´ò ïççèÃô ½±³¾·²»¼ ©·¬¸ ®»¹«´¿®·¬§ ¿²¼ «²·º±®³·¬§
hypotheses, to generate a ﬁnite number of test cases. To determine observational equiva-
´»²½» ±º ±¾¶»½¬­ ®»­«´¬·²¹ º®±³ ¬¸» ­»¬ ±º º«²¼¿³»²¬¿´ °¿·®­ô ¿ ­»®·»­ ±º ³»¬¸±¼­ ½¿´´»¼ ¬¸»
À®»´»ª¿²¬ ±¾­»®ª¿¾´» ½±²¬»¨¬ù ·­ ½±²­¬®«½¬»¼ º®±³ ¬¸» ·³°´»³»²¬¿¬·±² ±º ¿ ¹·ª»² ¿´¹»¾®¿·½
speciﬁcation. The ROCS system has been embedded into a C++ interpreter.
èòë Í«³³¿®§
Testing using algebraic speciﬁcations has been a continuing and well-established area of
®»­»¿®½¸ ­·²½» ¬¸» »¿®´§ ïçèð­ô ©¸»² Ù¿²²±² »¬ ¿´ò ÅÙ¿²²±² »¬ ¿´ò ïçèïÃ ¼»ª»´±°»¼ ¬¸»
DAISTS system. Algebraic speciﬁcation based testing has a number of advantages in
¬¸¿¬ ·¬ ½¿² ´»¿¼ ¬± ¿ ¸·¹¸ ¼»¹®»» ±º ¿«¬±³¿¬·±² ·² ¬»®³­ ±º ¹»²»®¿¬·²¹ ¬»­¬ ½¿­»­ô ¹»²»®ó
ating test drivers and checking results. The inﬂuential work of Gaudel and colleagues
ÅÞ»®²±¬ »¬ ¿´ò ïççïå Þ±«¹l» »¬ ¿´ò ïçèêå Ù¿«¼»´ îððïå Ù¿«¼»´ ¿²¼ Ö¿³»­ ïççèÃ ±² ¹»²»®·½
speciﬁcation-based testing was initially applied to algebraic speciﬁcations. The notion of a
¬»­¬·²¹ ½±²¬»¨¬ ·²½±®°±®¿¬·²¹ ¬»­¬ ¸§°±¬¸»­»­ô ­«½¸ ¿­ ¬¸» ®»¹«´¿®·¬§ ¿²¼ «²·º±®³·¬§ µ·²¼­ô
is particularly well suited to algebraic speciﬁcations and gives the approach a solid theo-
®»¬·½¿´ º±«²¼¿¬·±²ò
É·¬¸ ¬¸» ®·­» ·² °±°«´¿®·¬§ ±º ÑÑ ·¼»¿­ô ¿ ²«³¾»® ±º ®»­»¿®½¸»®­ ¸¿ª» ³¿¼» «­» ±º ¬¸»
connection between algebraic speciﬁcations of ADTs and classes in OO programs. The
Ü¿·­¬·­¸ ­§­¬»³ ±º Ø«¹¸»­ ¿²¼ Í¬±¬¬­ ÅØ«¹¸»­ ¿²¼ Í¬±¬¬­ ïççêÃ ©¿­ ¿² »¨°´·½·¬ ¿¬¬»³°¬
¬± ¿¼¿°¬ ¬¸» Üß×ÍÌÍ ¿°°®±¿½¸ ¬± ¿² ÑÑ ­»¬¬·²¹ò ß²±¬¸»® ²±¬¿¾´» »¨¿³°´» ©¿­ ¬¸» ©±®µ
±º Ü±±²¹ ¿²¼ Ú®¿²µ´ ÅÜ±±²¹ ¿²¼ Ú®¿²µ´ ïççïå ïççìÃ ±² ¬»­¬·²¹ ½´¿­­»­ ·² ÑÑ °®±¹®¿³­ò
×¬ º±½«­»¼ ±² ¬¸» ·²¬»®¿½¬·±² ±º ±°»®¿¬·±²­ ¿²¼ ©¿­ ¼·®»½¬´§ ·²­°·®»¼ ¾§ ¬¸» ¬¸»±®§ ±º ¿´ó
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
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gebraic speciﬁcations for ADTs. Their ASTOOT tool had the interesting feature of au-
¬±³¿¬·½¿´´§ ¹»²»®¿¬·²¹ô ²±¬ ±²´§ °¿·®­ ±º »¯«·ª¿´»²¬ ±°»®¿¬·±² ­»¯«»²½»­ô ¾«¬ ¿´­± °¿·®­ ±º
²±²ó»¯«·ª¿´»²¬ ­»¯«»²½»­ô ·ò»ò ²»¹¿¬·ª» ¬»­¬ ½¿­»­ò Ý¸»² »¬ ¿´ò ÅÝ¸»² »¬ ¿´ò ïççèå Ý¸»² »¬ ¿´ò
îðððÃ ·³°®±ª»¼ ±² Ü±±²¹ ¿²¼ Ú®¿²µ´ù­ ©±®µ ¾§ °®±°±­·²¹ ¿² ¿°°®±¿½¸ º±® ¬»­¬ ½¿­» ­»ó
lection from algebraic speciﬁcations based on the notion of fundamental pairs. They have
proved the sufﬁciency of the fundamental pair approach for test generation [Chen et al.
ïççèÃò
One of the difﬁculties with respect to algebraic speciﬁcation based testing has been the
lack of any well-deﬁned incremental strategy for integration testing. Most work is geared
¬± ¬»­¬·²¹ ¿¬ ¬¸» ½´¿­­ ±® «²·¬ ´»ª»´ò ×º ¬¸» ¿°°®±¿½¸ ·­ ¬± ¾» «­»º«´ ¿¬ ¬¸» ­§­¬»³ ¬»­¬·²¹
level, strategies for testing from hierarchical modular speciﬁcations need to be developed.
Æ¸« ÅÆ¸« îððíÃ ¸¿­ ¸·¹¸´·¹¸¬»¼ ¬¸·­ ·­­«» ¿²¼ ­¬¿®¬»¼ ¬± ¿¼¼®»­­ ¬¸» °®±¾´»³ò ×² ¿¼¼·¬·±²ô
Machado has shown how one can deﬁne oracles and generate test suites from a structured
speciﬁcation [Machado 2000]. Chen et al. [Chen et al. 2001] have also considered testing
·²¬»®¿½¬·±²­ ¿³±²¹ ±¾¶»½¬­ ±º ¼·ºº»®»²¬ ½´¿­­»­ ·² ¿ ¹·ª»² ½´«­¬»® ¿²¼ ¼»½·¼»¼ ¬¸¿¬ ¿´¹»¾®¿·½
speciﬁcations were not ideal. As part of the TACCLE methodology, they have promoted
the use of ‘contract’ speciﬁcations for such purposes, in recognition of the current trend
“to integrate different speciﬁcation languages, each able to handle different aspects of a
­§­¬»³ ÅÝ´¿®µ» ¿²¼ É·²¹ ïççêÃò
çò ÚÑÎÓßÔ ÊÛÎ×Ú×ÝßÌ×ÑÒ ßÒÜ ×ÌÍ ÎÑÔÛ ×Ò ÌÛÍÌ×ÒÙ
Formal veriﬁcation ±ºº»®­ ¿ ®·½¸ ¬±±´¾±¨ ±º ³¿¬¸»³¿¬·½¿´ ¬»½¸²·¯«»­ ¬¸¿¬ ½¿² ¾±¬¸ ­«°°±®¬
¿²¼ ­«°°´»³»²¬ ¬¸» ¬»­¬·²¹ ±º ½±³°«¬»® ­§­¬»³­ò Ì¸» ¬±±´¾±¨ ½±²¬¿·²­ ª¿®·»¼ ¬»½¸²·¯«»­
­«½¸ ¿­ ¬»³°±®¿´ó´±¹·½ ³±¼»´ ½¸»½µ·²¹ ÅÝ´¿®µ» »¬ ¿´ò ïçèêå Ï«»·´´» ¿²¼ Í·º¿µ·­ ïçèîÃô ½±²ó
­¬®¿·²¬ ´±¹·½ °®±¹®¿³³·²¹ ÅÓ¿®®·±¬¬ ¿²¼ Í¬«½µ»§ ïççèÃô propositional satisﬁability ÅÔ§²½»
¿²¼ Ó¿®¯«»­óÍ·´ª¿ îððîÃ ¿²¼ ¬¸»±®»³ °®±ª·²¹ ÅÎ±¾·²­±² ¿²¼ Ê±®±²µ±ª îððïÃô ©·¬¸ ³±¼ó
»®² ¿«¬±³¿¬»¼ ¬±±´­ º±® ª»®·º§·²¹ ­±º¬©¿®» ±º¬»² ½±³¾·²·²¹ ­»ª»®¿´ ±º ¬¸»³ò
Ñº ³±­¬ ®»´»ª¿²½» ®»¹¿®¼·²¹ ·¬­ ®»´¿¬·±² ¬± ¬»­¬·²¹ ·­ ³±¼»´ ½¸»½µ·²¹ô º±® ¬©± ®»¿­±²­ò
First, it is a fully automated veriﬁcation technique that is today incorporated in many com-
³»®½·¿´ ­§­¬»³­ ¼»­·¹² ¬±±´­ ¿²¼ ¸¿­ °®±ª»¼ «­»º«´ ·² ¿ ©·¼» ®¿²¹» ±º ½¿­» ­¬«¼·»­ ÅÝ´¿®µ»
¿²¼ É·²¹ ïççêÃò Í»½±²¼´§ô ³±¼»´ ½¸»½µ»®­ ÅÝ·³¿¬¬· »¬ ¿´ò ïçççå Ø±´¦³¿²² îððíÃ °®±ª·¼»
©·¬²»­­»­ ¿²¼ ½±«²¬»®»¨¿³°´»­ º±® ¬¸» ¬®«¬¸ ±® ª·±´¿¬·±² ±º ¼»­·®»¼ ¬»³°±®¿´ °®±°»®¬·»­ô
®»­°»½¬·ª»´§ô ©¸·½¸ ½¿² ²±¬ ±²´§ ¾» º»¼ ·²¬± ­·³«´¿¬±®­ º±® ¿²·³¿¬·±² ¾«¬ ½¿² ¿´­± ¾» «­»¼
º±® ¹»²»®¿¬·²¹ ¬»­¬ ½¿­»­ò
çòï ß«¬±³¿¬»¼ Î»¿­±²·²¹
ß«¬±³¿¬»¼ ®»¿­±²·²¹ô ¿²¼ ·² °¿®¬·½«´¿® ³±¼»´ ½¸»½µ·²¹ô °´¿§­ ¿² »ª»® ·²½®»¿­·²¹ ®±´» ·²
¬»­¬·²¹ò Ó±¼»´ ½¸»½µ·²¹ ·²ª±´ª»­ ¬¸» «­» ±º ¼»½·­·±² °®±½»¼«®»­ ¬± ¼»¬»®³·²» ©¸»¬¸»®
a model of a discrete state system satisﬁes temporal properties formalised in a ¬»³°±®¿´
´±¹·½ò Ì¸»­» ¼»½·­·±² °®±½»¼«®»­ ½±²¼«½¬ ¿ ­§­¬»³¿¬·½ ¹»²»®¿¬·±² ¿²¼ »¨°´±®¿¬·±² ±º ¬¸»
«²¼»®´§·²¹ ­§­¬»³ù­ ­¬¿¬» ­°¿½» ÅÝ´¿®µ» »¬ ¿´ò ïçççå Ó¿²²¿ ¿²¼ Ð²«»´· ïççëÃò ×º ¬¸» ­§­¬»³
model is ﬁnite state, this exploration may be conducted automatically using ³±¼»´ ½¸»½µ·²¹
¿´¹±®·¬¸³­ ÅÝ´¿®µ» ¿²¼ Û³»®­±² ïçèïå Ý´¿®µ» »¬ ¿´ò ïçèêå Ô·½¸¬»²­¬»·² ¿²¼ Ð²«»´· ïçèëå
Ï«»·´´» ¿²¼ Í·º¿µ·­ ïçèîå Ê¿®¼· ¿²¼ É±´°»® ïçèêÃò
Ì»³°±®¿´ ´±¹·½­ [Bradﬁeld and Stirling 2001; Emerson 1990; Pnueli 1977; Stirling
ïççîÃ ³¿µ» ·¬ °±­­·¾´» ¬± »¨°®»­­ ­¬¿¬»³»²¬­ ¿¾±«¬ ¿ ­§­¬»³ù­ ¾»¸¿ª·±«® ¿­ ·¬ »ª±´ª»­ ±ª»®
¬·³»ò Ì§°·½¿´´§ô ¿­­»®¬·±²­ ·²½´«¼» ­¿º»¬§ °®±°»®¬·»­, deﬁning what should always be true
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
ëè ~
±º ¿ ­§­¬»³ô ¿²¼ ¿ ­»¬ ±º ´·ª»²»­­ °®±°»®¬·»­, reﬂecting conditions that a system must even-
¬«¿´´§ ­¿¬·­º§ò Ì¸» ³±­¬ ©·¼»´§ «­»¼ ¬»³°±®¿´ ´±¹·½­ ¿®» ÔÌÔ ÅÓ¿²²¿ ¿²¼ Ð²«»´· ïççëå
Ð²«»´· ïçééÃ ¿²¼ ÝÌÔ ÅÝ´¿®µ» »¬ ¿´ò ïçèêÃò ÔÌÔ ·­ ¿ ´·²»¿®ó¬·³» ¬»³°±®¿´ ´±¹·½ ¬¸¿¬ ·²ó
¬»®°®»¬­ º±®³«´¿» ±ª»® ­§­¬»³ ®«²­ô ©¸·½¸ ³¿µ»­ ·¬ ­«·¬¿¾´» º±® ­°»½·º§·²¹ ¬»­¬ ­»¯«»²½»­ò
×² ½±²¬®¿­¬ô ÝÌÔ ·­ ¿ ¾®¿²½¸·²¹ó¬·³» ´±¹·½ ¬¸¿¬ ·²¬»®°®»¬­ º±®³«´¿» ±ª»® ½±³°«¬¿¬·±² ¬®»»­ô
©¸·½¸ »²¿¾´»­ ±²» ¬± ®»¿­±² ¿¾±«¬ ­¬®«½¬«®¿´ °®±°»®¬·»­ ±º ¬¸» «²¼»®´§·²¹ ­§­¬»³ ¿²¼ ¬±
½±²­·¼»® ª¿®·±«­ ½±ª»®¿¹» ½®·¬»®·¿ »³°´±§»¼ ·² ¬»­¬·²¹ò
Ó±¼»´ ½¸»½µ»®­ »·¬¸»® ©±®µ ±² ­§­¬»³ ³±¼»´­ ¬¸¿¬ ¿®» °®±ª·¼»¼ ¾§ ¿ «­»®ô ±® ¿«¬±³¿¬ó
·½¿´´§ »¨¬®¿½¬ ­§­¬»³ ³±¼»´­ º®±³ ­±º¬©¿®» ­±«®½» ½±¼»ò Û¨¿³°´»­ ±º ³±¼»´ ½¸»½µ»®­
º±´´±©·²¹ ¬¸» º±®³»® ¿°°®±¿½¸ ·²½´«¼» Ò«ÍÓÊ ÅÝ·³¿¬¬· »¬ ¿´ò ïçççÃ ©¸±­» ³±¼»´´·²¹ ´¿²ó
¹«¿¹» ¬¿®¹»¬­ ¸¿®¼©¿®» ­§­¬»³­ô ¿²¼ Í°·² ÅØ±´¦³¿²² îððíÃ ©¸±­» ³±¼»´´·²¹ ´¿²¹«¿¹»
Ð®±³»´¿ ·­ ¿·³»¼ ¿¬ ³±¼»´´·²¹ ¼·­¬®·¾«¬»¼ ¿´¹±®·¬¸³­ ¿²¼ ½±³³«²·½¿¬·±²­ °®±¬±½±´­ò Û¨ó
¿³°´»­ ±º ¬¸» ´¿¬¬»® ¿°°®±¿½¸ ·²½´«¼» ¬¸» ³±¼»´ ½¸»½µ»® Ö¿ª¿ Ð¿¬¸Ú·²¼»® ÅØ¿ª»´«²¼ ¿²¼
Ð®»­­¾«®¹»® ïççèÃ ©¸·½¸ ·²¬»®º¿½»­ ©·¬¸ Ö¿ª¿ô Ê»®·­±º¬ ÅÙ±¼»º®±·¼ ïççéÃô ±°»®¿¬·²¹ ±²
ÝñÝõõ °®±¹®¿³­ ¿²¼ Ý °®±¹®¿³­ó¾¿­»¼ ÍÔßÓ ÅÞ¿´´ ¿²¼ Î¿¶¿³¿²· îððïÃ ¿²¼ ÞÔßÍÌ
ÅØ»²¦·²¹»® »¬ ¿´ò îððíÃò
Ì¸» ³¿·² ½¸¿´´»²¹» ·² ³±¼»´ ½¸»½µ·²¹ ¿®·­»­ º®±³ ¬¸» ½±³°´»¨·¬§ ±º ¬±¼¿§ù­ ­§­¬»³­ô
­·²½» ³±¼»´ ½¸»½µ·²¹ ¿´¹±®·¬¸³­ ¿®» ´·²»¿® ·² ¬¸» ­·¦» ±º ¬¸» ­¬«¼·»¼ ­§­¬»³ù­ ­¬¿¬» ­°¿½»ò
Ì¸«­ô ·³°´»³»²¬¿¬·±²­ ±º ³±¼»´ ½¸»½µ»®­ ¿®» ¾¿­»¼ ±² ½´»ª»® ¼¿¬¿ ­¬®«½¬«®»­ ¿²¼ ¬»½¸ó
²·¯«»­ º±® ­¬±®·²¹ ¿²¼ ³¿²·°«´¿¬·²¹ ´¿®¹» ­»¬­ ±º ­¬¿¬»­ò Þ·²¿®§ Ü»½·­·±² Ü·¿¹®¿³­ øÞÜÜ­÷
ÅÞ®§¿²¬ ïçèêå Ó½Ó·´´¿² ïççíÃô ¿­ »³°´±§»¼ ·² Ò«ÍÓÊô ·­ ¿ °®·³» »¨¿³°´» ±º ­«½¸
¿ ¼¿¬¿ ­¬®«½¬«®»ò ß¼ª¿²½»¼ ³±¼»´ ½¸»½µ·²¹ ¬»½¸²·¯«»­ ·²½´«¼» °¿®¬·¿´ó±®¼»® ®»¼«½¬·±²
ÅÙ±¼»º®±·¼ ïççêå Ð»´»¼ ïççèå Ê¿´³¿®· ïççðÃô ­«½¸ ¿­ ¬¸¿¬ ·³°´»³»²¬»¼ ·² ¬¸» Í°·² ³±¼»´
½¸»½µ»®ô ©¸·½¸ »¨°´±·¬­ ­»³¿²¬·½ ­§³³»¬®·»­ ·² ³±¼»´­å ¿²¼ on-the-ﬂy ¿´¹±®·¬¸³­ ÅØ»²ó
¦·²¹»® »¬ ¿´ò ïççêå Ø±´¦³¿²² ïççêÃ ©¸·½¸ ½±²­¬®«½¬ ±²´§ ¬¸±­» ­¬¿¬»­ ±º ¿ ³±¼»´ ¬¸¿¬ ¿®»
®»´»ª¿²¬ º±® ½¸»½µ·²¹ ¬¸» ¬»³°±®¿´ °®±°»®¬·»­ ±º ·²¬»®»­¬ò
Ï«»­¬·±²­ ®»¹¿®¼·²¹ ¬¸» ­»³¿²¬·½­ ±º ­±º¬©¿®» ¿®» ±º¬»² «²¼»½·¼¿¾´» ¿²¼ ­±º¬©¿®» ±º¬»²
gives rise to models with either inﬁnite or very large state spaces. This means that a model-
½¸»½µ»® ³¿§ »·¬¸»® ®«² ±«¬ ±º ³»³±®§ ±® º¿·´ ¬± ½±³°´»¬» ¿ ­»¿®½¸ ·² ¿ ®»¿­±²¿¾´» ¿³±«²¬
±º ¬·³»ò ×² ±®¼»® ¬± »¨¬»²¼ ¬¸» ­½±°» ±º ³±¼»´ó½¸»½µ·²¹ô ±²» »·¬¸»® ¸¿­ ¬± ·³°®±ª» ³±¼»´ó
½¸»½µ·²¹ ¬»½¸²·¯«»­ ±® «­» ¿¾­¬®¿½¬·±² ·² ±®¼»® ¬± ­·³°´·º§ ¬¸» °®±¾´»³ò Ú±® »¨¿³°´»ô
­±³» ·²¬»¹»® ª¿®·¿¾´»­ ³·¹¸¬ ¾» ¬«®²»¼ ·²¬± ¾±±´»¿²­ ¾§ ±²´§ ¼·­½®·³·²¿¬·²¹ ¾»¬©»»² ¬¸»
ª¿´«»­ ±º ¬¸±­» ª¿®·¿¾´» ¾»·²¹ ¦»®± ±® ²±²ó¦»®±ò
ß² »¨¿³°´» ±º ¬¸» º±®³»® ·­ ÅÛ·­²»® îððëÃ ©¸± ®»°±®¬­ ­«½½»­­ ¿°°´§·²¹ ­§³¾±´·½
³±¼»´ó½¸»½µ·²¹ ¬± ¿ Ý °®±¹®¿³ ·³°´»³»²¬·²¹ ¿ ½¿½¸»ò Î»º»®»²½» ÅÕ·²¹ »¬ ¿´ò îðððÃ ®»ó
°±®¬­ ¬¸¿¬ °®±ª·²¹ ½±²º±®³¿²½» ±º ¿ ´¿®¹» ­¿º»¬§ó½®·¬·½¿´ ­§­¬»³ ©®·¬¬»² ·² Í°¿®µ ßÜß ¬±
its Z speciﬁcation proved more effective in ﬁnding faults than testing, because people in-
ª±´ª»¼ ·² °®±±º ½±²­¬®«½¬·±² ¸¿¼ ¬± «²¼»®­¬¿²¼ ©¸¿¬ ·­ ¾»·²¹ °®±ª»²ò Ì¸·­ ·­ ½±²­·­¬»²¬
©·¬¸ ¬¸» ±¾­»®ª¿¬·±² ³»²¬·±²»¼ ·² Í»½¬·±² ëòìò
Ó±¼»´ó½¸»½µ·²¹ «­·²¹ ¿¾­¬®¿½¬·±² ·­ ¼»­½®·¾»¼ ·² ÅÝ±®¾»¬¬ »¬ ¿´ò îðððå Ø±´¦³¿²² ¿²¼
Í³·¬¸ îððïÃò Ó±®» ®»½»²¬ ¿°°®±¿½¸»­ô ­«½¸ ¿­ ¬¸» ÍÔßÓ ¿²¼ ÞÔßÍÌ ¬±±´­ô ¿«¬±³¿¬·ó
½¿´´§ ¿²¼ ·²½®»³»²¬¿´´§ ½±²­¬®«½¬ ³±¼»´­ º®±³ ­±«®½» ½±¼» ¾§ ¼·­½±ª»®·²¹ ¿²¼ ¬®¿½µ·²¹
¬¸±­» °®»¼·½¿¬»­ ±ª»® °®±¹®¿³ ª¿®·¿¾´»­ ¬¸¿¬ ¿®» ®»´»ª¿²¬ ¬± ª»®·º§·²¹ ¿ ¬»³°±®¿´ °®±°»®¬§
¿¬ ¸¿²¼ò ×º ¿ °¿¬¸ ª·±´¿¬·²¹ ¬¸» °®±°»®¬§ ·­ ¼·­½±ª»®»¼ô ·¬ ·­ ²»½»­­¿®§ ¬± ¼»¬»®³·²» ©¸»¬¸»®
¬¸·­ °¿¬¸ ·­ ±²´§ ¿² ¿®¬·º¿½¬ ±º ¬¸» ³±¼»´ô ¼«» ¬± ¿² ±ª»®´§ ¿¹¹®»­­·ª» ¿¾­¬®¿½¬·±²ô ±® ¿ ¹»²ó
«·²» ½±«²¬»®»¨¿³°´»ò Ý¸»½µ·²¹ ¬¸·­ ·²ª±´ª»­ ½±´´»½¬·²¹ ½±²­¬®¿·²¬­ ±² °®±¹®¿³ ª¿®·¿¾´»­
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
~ ëç
¿´±²¹ ¬¸» ½±«²¬»®»¨¿³°´» °¿¬¸ ¿²¼ «­·²¹ ¼»½·­·±² °®±½»¼«®»­ ø­«½¸ ¿­ ¬¸±­» »³°´±§»¼ ·²
theorem proving) to check if they are collectively satisﬁable. If the counterexample path
¬«®²­ ±«¬ ¬± ¾» ·²º»¿­·¾´»ô ¿ ³±®» °®»½·­» ³±¼»´ ½¿² ¾» ½±²­¬®«½¬»¼ ¾§ ¬¸» ¿¼¼·¬·±² ±º ¿
º»© ½±²­¬®¿·²¬­ ¼»®·ª»¼ º®±³ ¬¸±­» ½±´´»½¬»¼ô ­± ¿­ ¬± ³¿µ» ¬¸» ½±²­·¼»®»¼ °¿¬¸ ·²º»¿­·¾´»
©·¬¸±«¬ ±ª»®¾«®¼»²·²¹ ¬¸» ³±¼»´ ©·¬¸ ¿´´ ¬¸±­» ½±²­¬®¿·²¬­ò Í«¾­»¯«»²¬´§ô ¿²±¬¸»® ¿¬¬»³°¬
to ﬁnd a counterexample can be attempted and so on.
9.2 Formal Veriﬁcation and Testing
At the ﬁrst sight, formal veriﬁcation and testing seem to be quite different things. Au-
tomated veriﬁcation is a static activity that involves analysing system models, with the
¿²¿´§­·­ ½±³°´»¬»´§ ½±ª»®·²¹ ¿´´ °¿¬¸­ ·² ¿ ³±¼»´ò ×² ½±²¬®¿­¬ô ¬»­¬·²¹ ·­ ¿ ¼§²¿³·½ ¿½¬·ª·¬§
¬¸¿¬ ­¬«¼·»­ ¬¸» ®»¿´ó©±®´¼ ­§­¬»³ ·¬­»´ºô ·ò»òô ·¬­ ·³°´»³»²¬¿¬·±² ±® ­±«®½» ½±¼»ô ¾«¬ ±º¬»²
½±ª»®­ ±²´§ ¿ ´·³·¬»¼ ²«³¾»® ±º ­§­¬»³ °¿¬¸­ò
Ò»ª»®¬¸»´»­­ô ¬¸·­ ¼·­¬·²½¬·±² ¾»¬©»»² ³±¼»´ ½¸»½µ·²¹ ¿²¼ ¬»­¬·²¹ ¸¿­ ·²½®»¿­·²¹´§ ¾»ó
½±³» ¾´«®®»¼ô ¿­ ³±®» ¿²¼ ³±®» ³±¼»´ ½¸»½µ»®­ ©±®µ ¼·®»½¬´§ ±² ¬¸» ­±«®½» ½±¼» ±º ­±º¬ó
©¿®» ·³°´»³»²¬¿¬·±²­ô ®¿¬¸»® ¬¸¿² ±² «­»®ó°®±ª·¼»¼ ³±¼»´­ò É» ¸¿ª» ¿´®»¿¼§ ³»²¬·±²»¼
ÞÔßÍÌ ¿²¼ ÍÔßÓ ÅÛ·­²»® îððëå Ù«²¬»® ¿²¼ Ð»´»¼ îððëÃ ©¸·½¸ ±°»®¿¬» ±² Ý ­±«®½» ½±¼»ò
Ó±¼»´ ½¸»½µ»®­ º±® Ö¿ª¿ ½±¼» ·²½´«¼» Þ¿²¼»®¿ ÅÝ±®¾»¬¬ »¬ ¿´ò îðððÃô Ö¿ª¿ Ð¿¬¸Ú·²¼»®
ÅØ¿ª»´«²¼ ¿²¼ Ð®»­­¾«®¹»® ïççèÃ ¿²¼ ÍßÔ ÅÐ¿®µ »¬ ¿´ò îðððÃô ©¸·½¸ ½±³¾·²» ³±¼»´ ½¸»½µó
·²¹ ©·¬¸ ¿¾­¬®¿½¬·±² ¿²¼ ¬¸»±®»³ °®±ª·²¹ ¬»½¸²·¯«»­ô ¬±±ò ß²±¬¸»® »¨¿³°´» º±® ­±«®½»
code veriﬁcation is the Ê»®·Í±º¬ ³±¼»´ ½¸»½µ»® ÅÙ±¼»º®±·¼ ïççéÃ ©¸·½¸ ­§­¬»³¿¬·½¿´´§
­»¿®½¸»­ ­¬¿¬» ­°¿½»­ ±º ½±²½«®®»²¬ °®±¹®¿³­ ©®·¬¬»² ·² Ý ±® Ýõõ ¾§ ³»¿²­ ±º ¿ ­¬¿¬»ó´»­­
­»¿®½¸ ¸»«®·­¬·½ ¬¸¿¬ ¾±®®±©­ ·¼»¿­ º®±³ °¿®¬·¿´ó±®¼»® ®»¼«½¬·±²ò É¸»² »¨»½«¬·²¹ ­±«®½»
½±¼» ·² ¬¸·­ ³¿²²»®ô ­»²¼ ¿²¼ ®»½»·ª» °®·³·¬·ª»­ ¿­ ©»´´ ¿­ ½±²¬®±´ ­¬®«½¬«®»­ ¿®» »¨¬®¿½¬»¼
and checked on-the-ﬂy. Facilities for extracting models from source code have recently
¿´­± ¾»»² ·²½´«¼»¼ ·² Í°·² ÅØ±´¦³¿²² îððíÃò Ø±©»ª»®ô ¬¸» ¬®»²¼ ±º ½¸»½µ·²¹ ¬»³°±®¿´
°®±°»®¬·»­ ¼·®»½¬´§ ±² ­±º¬©¿®» ·³°´»³»²¬¿¬·±²­ ·­ ²±¬ ¿² ¿½¬·ª·¬§ ®»­¬®·½¬»¼ ¬± ½±³°·´»ó
¬·³»ô ¾«¬ ³¿§ ¿´­± ¾» ½±²¼«½¬»¼ ¿¬ ®«²ó¬·³» ©¸·½¸ ½±®®»­°±²¼­ ¬± ©¸¿¬ ·­ ½¿´´»¼ ®«²ó¬·³»
³±²·¬±®·²¹ Åß®¬¸± »¬ ¿´ò îððëå Ø¿ª»´«²¼ ¿²¼ Î±­« îððìÃò
The most important role for formal veriﬁcation in testing is in the automated genera-
tion of test cases. In this context, model checking is the formal veriﬁcation technology of
½¸±·½»å ¬¸·­ ·­ ¼«» ¬± ¬¸» ¿¾·´·¬§ ±º ³±¼»´ ½¸»½µ»®­ ¬± °®±¼«½» ½±«²¬»®»¨¿³°´»­ ·² ½¿­» ¿
¬»³°±®¿´ °®±°»®¬§ ¼±»­ ²±¬ ¸±´¼ º±® ¿ ­§­¬»³ ³±¼»´ò Ì¸» ¯«»­¬·±² ±º ·²¬»®»­¬ ·­ ¸±© ¾»­¬ ¬±
derive input sequences in order to test some implementation against its speciﬁcation. In the
½±²¬»¨¬ ±º ½±²º±®³¿²½» ¬»­¬·²¹ ÅÔ»» ¿²¼ Ç¿²²¿µ¿µ·­ ïççìÃô º±® »¨¿³°´»ô ±²» ³¿§ ¿­­«³»
that a speciﬁcation is given as a state machine and has already been successfully model-
½¸»½µ»¼ ¿¹¿·²­¬ ¬»³°±®¿´ °®±°»®¬·»­ ºò Ì± ¹»²»®¿¬» ¬»­¬ ­»¯«»²½»­ô ±²» ½¿² ¬¸»² ­·³°´§
model-check the speciﬁcation again, but this time against the negated properties æºò Ì¸»
³±¼»´ ½¸»½µ»® ©·´´ °®±ª» æº ¬± ¾» º¿´­» ¿²¼ °®±¼«½» ½±«²¬»®»¨¿³°´»­ô ·² ¬¸» º±®³ ±º ­§­ó
¬»³ °¿¬¸­ ¸·¹¸´·¹¸¬·²¹ ¬¸» ®»¿­±² º±® ¬¸» ª·±´¿¬·±²ò Ì¸»­» ½±«²¬»®»¨¿³°´»­ ¿®» »­­»²¬·¿´´§
¬¸» ¼»­·®»¼ ¬»­¬ ­»¯«»²½»­ ÅÝ¿´´¿¸¿² »¬ ¿´ò ïççêÃò
Ì¸·­ ¾¿­·½ ·¼»¿ ±º «­·²¹ ¬»³°±®¿´ º±®³«´: ¿­ À¬»­¬ °«®°±­»­ù ¸¿­ ¾»»² ¿¼¿°¬»¼ ¬± ¹»²»®ó
¿¬·²¹ ¬»­¬ ­»¯«»²½»­ º±® ³¿²§ ¼»­·¹² ´¿²¹«¿¹»­ô ·²½´«¼·²¹ Í¬¿¬»½¸¿®¬­ ÅØ±²¹ »¬ ¿´ò îððïÃô
ÍÝÎ Åß³³¿²² ¿²¼ Þ´¿½µ îðððå Ù¿®¹¿²¬·²· ¿²¼ Ø»·¬³»§»® ïçççÃô ÍÜÔ ÅÛ²¹»´­ »¬ ¿´ò ïççéÃ
¿²¼ Ð®±³»´¿ Å¼» Ê®·»­ ¿²¼ Ì®»¬³¿²­ îðððÃò ×² ¬¸»­» ¿°°®±¿½¸»­ô ¬¸» ¬»³°±®¿´ °®±°»®¬·»­ º
³»²¬·±²»¼ ¿¾±ª» ¿®» »·¬¸»® ¼»®·ª»¼ º®±³ «­»® ®»¯«·®»³»²¬­ô ­«½¸ ¿­ «­¿¹» ­½»²¿®·±­ ÅÛ²ó
gels et al. 1997], deﬁned by a tester in the form of a test purpose LTS [Jard and Jl»®±² îððëÃ
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
êð ~
øÍ»½¬·±² ëòì÷ ±® ¹»²»®¿¬»¼ ¿½½±®¼·²¹ ¬± ¿ ½¸±­»² ½±ª»®¿¹» ½®·¬»®·±² ÅØ±²¹ »¬ ¿´ò îððïÃò ×²ó
deed, many coverage criteria based on control-ﬂow or data-ﬂow properties can be speciﬁed
¿­ ­»¬­ ±º ¬»³°±®¿´ ´±¹·½ º±®³«´¿» ÅØ±²¹ »¬ ¿´ò îððíå Ø±²¹ »¬ ¿´ò îððîÃô ·²½´«¼·²¹ ­¬¿¬» ¿²¼
¬®¿²­·¬·±² ½±ª»®¿¹» ¿­ ©»´´ ¿­ ½®·¬»®·¿ ¾¿­»¼ ±² deﬁnition-use pairs. Given a speciﬁcation,
®»º»®»²½» Åß³³¿²² »¬ ¿´ò ïççèÃ °®±°±­»­ ¬± ³«¬¿¬» ·¬ ¿²¼ «­» ¿ ³±¼»´ó½¸»½µ»® ¬± ¼»®·ª»
­»¯«»²½»­ ¼·­¬·²¹«·­¸·²¹ ¾»¬©»»² ¬¸» ¬©±å ¹·ª»² ¿ ©¿§ ¬± ¹»²»®¿¬» ¿´´ ´·µ»´§ º¿«´¬§ ·³°´»ó
³»²¬¿¬·±²­ô ·¬ ·­ °±­­·¾´» ¬± °®±¼«½» ¬»­¬­ ¬± ¼»¬»½¬ ­«½¸ º¿«´¬­ò
Î»½»²¬´§ô ²±ª»´ ¿°°®±¿½¸»­ ¬± ½±³¾·²·²¹ ³±¼»´ ½¸»½µ·²¹ ¿²¼ ¬»­¬·²¹ ¸¿ª» ¾»»² °®±ó
°±­»¼ô ©¸·½¸ ·²ª±´ª» ´»¿®²·²¹ ­¬®¿¬»¹·»­ ÅÐ»´»¼ îððíÃò Þ´¿½µó¾±¨ ½¸»½µ·²¹ ÅÐ»´»¼ »¬ ¿´ò
îððîÃ ·­ ·²¬»²¼»¼ º±® ¿½½»°¬¿²½» ¬»­¬­ ©¸»®» ±²» ²»·¬¸»® ¸¿­ ¿½½»­­ ¬± ¬¸» ¬¸» ¼»­·¹² ²±®
¬¸» ·²¬»®²¿´ ­¬®«½¬«®» ±º ¬¸» ­§­¬»³ó«²¼»®ó¬»­¬ò Ì¸·­ µ·²¼ ±º ½¸»½µ·²¹ ·¬»®¿¬·ª»´§ ½±³¾·²»­
ß²¹´«·²ù­ ¿´¹±®·¬¸³ º±® ´»¿®²·²¹ ¬¸» ¾´¿½µó¾±¨ ­§­¬»³ô Ê¿­·´»ª­µ··óÝ¸±©ù­ ¿´¹±®·¬¸³ º±®
¾´¿½µó¾±¨ ¬»­¬·²¹ ¬¸» ´»¿®²»¼ ³±¼»´ ¿¹¿·²­¬ ¬¸» ­§­¬»³ øÍ»½¬·±² ë÷ô ¿­ ©»´´ ¿­ ¿«¬±³¿¬¿ó
¾¿­»¼ ³±¼»´ ½¸»½µ·²¹ ÅÊ¿®¼· ¿²¼ É±´°»® ïçèêÃ º±® ª»®·º§·²¹ ª¿®·±«­ °®±°»®¬·»­ ±º ¬¸»
´»¿®²»¼ ³±¼»´ò ß¼¿°¬·ª» ³±¼»´ ½¸»½µ·²¹ ÅÙ®±½» »¬ ¿´ò îððîÃ ³¿§ ¾» ­»»² ¿­ ¿ ª¿®·¿²¬ ±º
¾´¿½µó¾±¨ ½¸»½µ·²¹ ©¸»®» ¿ ­§­¬»³ ³±¼»´ ¼±»­ »¨·­¬ ¾«¬ ³¿§ ²±¬ ¾» ¿½½«®¿¬»ò ×² ¬¸·­
½¿­»ô ´»¿®²·²¹ ­¬®¿¬»¹·»­ ½¿² ¾» ¹«·¼»¼ ¾§ ¬¸» °¿®¬·¿´ ·²º±®³¿¬·±² °®±ª·¼»¼ ¾§ ¬¸» ­§­¬»³
³±¼»´ò Ø±©»ª»®ô ½±«²¬»®»¨¿³°´»­ °®±¼«½»¼ ª·¿ ³±¼»´ ½¸»½µ·²¹ ³«­¬ ¬¸»² ¾» »¨¿³·²»¼
º±® ©¸»¬¸»® ¬¸»§ ¿®» ¹»²«·²» ±® ¬¸» ®»­«´¬ ±º ¿² ·²¿½½«®¿½§ ·² ¬¸» ³±¼»´ò
ß ¼·ºº»®»²¬ ´»¿®²·²¹ ¿°°®±¿½¸ ·­ ¼»­½®·¾»¼ ·² ÅÛ®²­¬ îððïÃ ©¸·½¸ «­»­ ¬¸» Ü¿·µ±² ¬±±´
¬± °®±ª» ²±²ó¬®·ª·¿´ °®±°»®¬·»­ ±º ­±º¬©¿®»ò Ü¿·µ±² ³±²·¬±®­ ¿ °®±¹®¿³ ©¸·½¸ ·­ ®«² ±²
¿ ²«³¾»® ±º ¬»­¬­ô ½±´´»½¬·²¹ ·²º±®³¿¬·±² ±² ®»´¿¬·±²­ ¾»¬©»»² ª¿®·¿¾´»­ò Þ§ ¬¸»·® ²¿ó
¬«®»ô ­«½¸ ®»´¿¬·±²­ ¼± ²±¬ ²»½»­­¿®·´§ ¸±´¼ º±® ¿´´ °±­­·¾´» ®«²­ ¿²¼ ¬¸» ´·µ»´·¸±±¼ ±º ¬¸·­
¼»°»²¼­ ±² ¬¸» ¯«¿´·¬§ ±º ¿ ¬»­¬ ­»¬ «­»¼ò ×¬ ¬«®²­ ±«¬ ¬¸¿¬ ³¿²§ ­«½¸ ®»´¿¬·±²­ ½¿² ¾» ¿«¬±ó
³¿¬·½¿´´§ °®±ª»² ¾§ ¿ ¬¸»±®»³ó°®±ª»® ¿²¼ ­«¾­»¯«»²¬´§ «­»¼ ¿­ ´»³³¿­ ¬± ¿«¬±³¿¬·½¿´´§
¼»³±²­¬®¿¬» °®±°»®¬·»­ ±º ¬¸» °®±¹®¿³ ½±²­·¼»®»¼ ÅÉ·² ¿²¼ Û®²­¬ îððîÃò
ß²±¬¸»® ·²¬»®»­¬·²¹ ´·²» ±º ®»­»¿®½¸ ·²ª±´ª»­ ³±¼»´ ½¸»½µ·²¹ ±º °®±¹®¿³­ ©¸»®» ½±¼»
º®¿¹³»²¬­ô ­«½¸ ¿­ °®±½»¼«®»­ô ¿®» ³·­­·²¹ò ×² Ë²·¬ ½¸»½µ·²¹ ÅÙ«²¬»® ¿²¼ Ð»´»¼ îððëÃô
the behaviour of the missing procedure is provided by speciﬁcations of drivers and stubs.
These speciﬁcations employ logical assertions in order to relate program variables be-
fore and after a missing procedure’s execution. Given a speciﬁcation of program paths
­«­°»½¬»¼ ±º ½±²¬¿·²·²¹ ¿ ¾«¹ô ¿ °®±¹®¿³ «²¼»® ·²ª»­¬·¹¿¬·±² ·­ ­»¿®½¸»¼ º±® °±­­·¾´» »¨»ó
cutions that satisfy the speciﬁcation. Theorem-proving technologies are used to calculate
°¿¬¸ ½±²¼·¬·±²­ ­§³¾±´·½¿´´§ô ­± ¿­ ¬± ®»°±®¬ ±²´§ ¾«¹­ ©·¬¸·² °¿¬¸­ ¬¸¿¬ ½¿² ·²¼»»¼ ¾»
»¨»½«¬»¼ ¼«®·²¹ ¿½¬«¿´ °®±¹®¿³ ®«²­ò
Ì¸» ³±¼»´ ½¸»½µ»® ÞÔßÍÌ ¸¿­ ¾»»² »¨¬»²¼»¼ ¬± ¿«¬±³¿¬·½¿´´§ ¹»²»®¿¬» ¬»­¬ ª»½¬±®­ º±®
¼®·ª·²¹ ¿ ¹·ª»² °®±¹®¿³ ·²¬± ´±½¿¬·±²­ »¨¸·¾·¬·²¹ ¿ ¼»­·®»¼ °®»¼·½¿¬» ÅÞ»§»® »¬ ¿´ò îððìÃå
­·³·´¿® ®»­«´¬­ ¿®» ®»°±®¬»¼ ·² ÅÙ«²¬»® ¿²¼ Ð»´»¼ îððëå ß®¬¸± »¬ ¿´ò îððëÃò ß­ ¬¸» «²¼»®ó
´§·²¹ ¬»½¸²±´±¹§ ®»´·»­ ±² ­§³¾±´·½ »¨»½«¬·±² º±® ¸¿²¼´·²¹ ¿®·¬¸³»¬·½ ±°»®¿¬±®­ ¿²¼ ¿´·¿­
®»´¿¬·±²­¸·°­ ¾»¬©»»² °®±¹®¿³ ª¿®·¿¾´»­ô °¿¬¸­ ¬± ­«½¸ ´±½¿¬·±²­ ¿®» ½¸»½µ»¼ º±® º»¿­·¾·´·¬§
¿­ ·² «²·¬ ½¸»½µ·²¹ò
Ì¸»±®»³ °®±ª·²¹ ·­ ¿´­± «­»¼ ¾§ Þ«®¬±² ÅÞ«®¬±² îððîÃ º±® ½¸»½µ·²¹ ¬¸¿¬ ½¿¬»¹±®§ó
partition tests (Section 4.2.1) cover the whole of the input space of a speciﬁcation. Par-
¬·¬·±²­ ¿®» ½¸»½µ»¼ º±® »³°¬·²»­­ ·² ÅØ»´µ» »¬ ¿´ò ïççéÃò
Ú±®³¿´ ¬»½¸²·¯«»­ ½¿² ¾» «­»¼ ¬± ª»®·º§ ¬¸¿¬ ¿² ±«¬°«¬ º®±³ ¿ ­§­¬»³ «²¼»® ¬»­¬ ·­ ½±²ó
sistent with a speciﬁcation. This is done using theorem-proving in [Burton 2002] and
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
~ êï
³±¼»´ó½¸»½µ·²¹ ·² ÅÝ¿´´¿¸¿² »¬ ¿´ò ïççêÃò
Ó±¼»´ó½¸»½µ·²¹ ¿²¼ ¬¸»±®»³ó°®±ª·²¹ ¿®» ²±¬ ¬¸» ±²´§ ¬©± ¬»½¸²·¯«»­ º±® ¬»­¬ ¹»²»®¿ó
¬·±²ô °¿°»®­ ÅÙ±¬´·»¾ »¬ ¿´ò ïççèå Ð®»¬­½¸²»® »¬ ¿´ò îððëÃ »³°´±§ ½±²­¬®¿·²¬ ´±¹·½ °®±¹®¿³ó
³·²¹å propositional satisﬁability ¬»½¸²·¯«»­ ¿®» «­»¼ ·² ÅÉ·³³»´ »¬ ¿´ò îðððå Ó¿®·²±ª ¿²¼
Õ¸«®­¸·¼ îððïÃò
We have described above how veriﬁcation techniques can be applied to test generation
from a speciﬁcation and how they can be used to check program code. Testing can be used
to check speciﬁcations: (1) before proving properties, one might wish to have conﬁdence
¬¸¿¬ ¬¸±­» °®±°»®¬·»­ ¿½¬«¿´´§ ¸±´¼ô ©¸·½¸ ½¿² ¾» ¿½½±³°´·­¸»¼ ¾§ «­·²¹ ¿°°®±¿½¸»­ ­«½¸
as evolutionary computation to ﬁnd a counter-example [Tracey et al. 2000]; (2) [Liu 1999]
describes how tests can be generated for different parts of a speciﬁcation in order to detect
·²½±²­·­¬»²½·»­ ·² ·¬ò
çòí Í«³³¿®§
Formal veriﬁcation, and in particular model checking, complements testing in various
ways. First, both formal veriﬁcation and testing may be carried out on a system model
»ª»² ¾»º±®» ¿ ­·²¹´» ´·²» ±º ½±¼» ¸¿­ ¾»»² ©®·¬¬»²ò Í»½±²¼ô ©¸·´» ¬¸» ­¬®»²¹¬¸ ±º ¬®¿¼·ó
¬·±²¿´ ¬»­¬·²¹ ¬»½¸²±´±¹·»­ ´·»­ ´¿®¹»´§ ·² ¿²¿´§­·²¹ ­»¯«»²¬·¿´ ½±¼»ô ³±¼»´ ½¸»½µ·²¹ »¨½»´­
©¸»² ·²ª»­¬·¹¿¬·²¹ ¬¸» ½±³³«²·½¿¬·±² ¾»¸¿ª·±«® ±º ½±²½«®®»²¬ ¿²¼ ³«´¬·ó¬¸®»¿¼»¼ ­§­ó
tems. Third, formal veriﬁcation techniques can be employed to generate test suites and
results from testing can be used to construct better models of software for veriﬁcation and
¬»­¬ ¹»²»®¿¬·±² ÅØ¿®¼»® îððîÃò É¸»² ½±³¾·²»¼ ©·¬¸ ¬¸»±®»³ °®±ª·²¹ô ½±²­¬®¿·²¬ ´±¹·½
programming and propositional satisﬁability techniques, model checking thus becomes a
°±©»®º«´ ¬±±´ º±® ¬»­¬·²¹ ­±º¬©¿®»ò
ïðò ÚËÌËÎÛ ÎÛÍÛßÎÝØ Ü×ÎÛÝÌ×ÑÒÍ
This paper has reviewed the state of the art regarding ways in which formal speciﬁcations
½¿² ¾» «­»¼ ¬± ¿­­·­¬ ·² ­±º¬©¿®» ¬»­¬·²¹ò ×² ¼±·²¹ ­±ô ·¬ ¸¿­ ®¿·­»¼ ¿ ²«³¾»® ±º ·­­«»­ ¿²¼
©» ¸¿ª» ­»»² ¬¸¿¬ ¬¸»®» ¸¿ª» ¾»»² ¼·ºº»®·²¹ ¼»¹®»»­ ±º ­«½½»­­ ©·¬¸ ¬¸»­» ·­­«»­ ¿½®±­­ ¬¸»
formalisms. In this section we brieﬂy review these issues, grouping them into the following
¬§°»­ ±º ®»­»¿®½¸ ¯«»­¬·±²ò
øï÷ É¸¿¬ ­±®¬­ ±º ¬»­¬­ ¼± ©» ²»»¼ ¿²¼ ©¸¿¬ ½¿² ¬¸»­» ¬»´´ «­á
øî÷ Ø±© ½¿² ©» ¹»²»®¿¬» ¬¸» ¼»­·®»¼ ¬»­¬­á
øí÷ Ø±© ½¿² ©» »ª¿´«¿¬» ±«® ¬»½¸²·¯«»­á
øì÷ É¸¿¬ ¼± ©» ³»¿² ¾§ À¬»­¬¿¾·´·¬§ù ¿²¼ ¸±© ½¿² ©» »²¸¿²½» ¬¸·­á
We now brieﬂy consider each type of question.
ïðòï É¸¿¬ ­±®¬­ ±º ¬»­¬­ ¼± ©» ²»»¼ ¿²¼ ©¸¿¬ ½¿² ¬¸»­» ¬»´´ «­á
We test for a purpose — typically to detect faults and/or provide some degree of conﬁdence
·² ¬¸» ¯«¿´·¬§ ±º ±«® ­§­¬»³ò Í±ô ©» ©·­¸ ¬± «­» ¿ ¬»­¬ ­«·¬» ¬¸¿¬ ¿½¸·»ª»­ ¬¸·­ °«®°±­»
efﬁciently and effectively. However, we do not know a priori whether our system is faulty
¿²¼ô ·º ·¬ ·­ô ©¸·½¸ ¬»­¬ ½¿­»­ ©·´´ ¸¿ª» ¬¸» ¸·¹¸»­¬ ´·µ»´·¸±±¼ ±º ®»ª»¿´·²¹ º¿«´¬­ò Ì¸·­ ·­
±²» ±º ¬¸» º«²¼¿³»²¬¿´ ·­­«»­ ·² ¬»­¬·²¹ò
Ú¿«´¬ ¼±³¿·²­ô ¬¸¿¬ ½¿°¬«®» ¬¸» ø¾»´·»ª»¼÷ ½´¿­­ ±º °±­­·¾´» ·³°´»³»²¬¿¬·±²­ô ¸¿ª» ¾»»²
used in some areas primarily testing from ﬁnite state machines and stream X-machines.
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
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×² ¬¸»­» ½¿­»­ º¿«´¬ ¼±³¿·²­ ¿®» «­«¿´´§ ¾¿­»¼ ±² ¿² «°°»® ¾±«²¼ ±² ¬¸» ²«³¾»® ±º ­¬¿¬»­
of the implementation — this gives us a ﬁnite number of possible implementations and
³¿µ»­ ·¬ °±­­·¾´» º±® ¬»­¬·²¹ ¬± ¼»¬»®³·²» ½±®®»½¬²»­­ò Ì¸»­» ¿°°®±¿½¸»­ ±®·¹·²¿¬»¼ ·² ¬¸»
¿®»¿ ±º ¬»­¬·²¹ ¸¿®¼©¿®» º±® ³¿²«º¿½¬«®·²¹ º¿«´¬­ô ¿­ ±°°±­»¼ ¬± ¼»­·¹²ñ´±¹·½¿´ º¿«´¬­ ¿²¼
¸»®» ¬¸»®» ·­ ¿ ¹±±¼ «²¼»®­¬¿²¼·²¹ ±º ¬¸» ¬§°»­ ±º º¿«´¬­ ¬¸¿¬ ½¿² ±½½«® ¿²¼ ¬¸»·® °±¬»²¬·¿´
·³°¿½¬ò ×² ½±²¬®¿­¬ô ·¬ ·­ «²½´»¿® ¸±© ©» ½¿² °´¿½» ¿ «­»º«´ «°°»® ¾±«²¼ ±² ¬¸» ²«³¾»® ±º
­¬¿¬»­ ±º ­±º¬©¿®»æ ±²» ¬¸¿¬ ´»¿¼­ ¬± ¿ ¬»­¬ ­«·¬» ±º ®»¿­±²¿¾´» ­·¦»ò Ì¸·­ ·­ ¾»½¿«­» ¬¸» ¬»­¬
­«·¬» ­·¦» ¹®±©­ »¨°±²»²¬·¿´´§ ·² ¬¸» °±­­·¾´» ²«³¾»® ±º »¨¬®¿ ­¬¿¬»­ëò
The use of test hypotheses has been proposed in testing from algebraic speciﬁcations
ø­»»ô º±® »¨¿³°´»ô ÅÙ¿«¼»´ ïççëÃ÷ ¿²¼ ¬¸»­» ¬»­¬ ¸§°±¬¸»­»­ ¿®» ­·³·´¿® ¬± º¿«´¬ ¼±³¿·²­ò ×¬
¸¿­ ¿´­± ¾»»² ­¸±©² ¬¸¿¬ ¬»­¬ ¸§°±¬¸»­»­ ¿²¼ º¿«´¬ ¼±³¿·²­ ½¿² ¾» «­»¼ ©¸»² ½±³°¿®·²¹
¬»­¬ ½®·¬»®·¿ ¿²¼ ¬»­¬ ­«·¬»­ ÅØ·»®±²­ îððîÃò Ø±©»ª»®ô ©» ¸¿ª» ¬¸» °®±¾´»³ ±º ½¸±±­·²¹
¿°°®±°®·¿¬» ¬»­¬ ¸§°±¬¸»­»­  ¸±© ½¿² ©» µ²±© ¬¸¿¬ ¬¸»­» ¸±´¼ ·² ±«® ­§­¬»³á Ú±® ¾±¬¸
º¿«´¬ ¼±³¿·²­ ¿²¼ ¬»­¬ ¸§°±¬¸»­»­ ©» ½±«´¼ ´·²µ ¬¸» ½¸±·½» ©·¬¸ ®·­µ ¾«¬ ·¬ ·­ «²½´»¿® ¸±©
¬± ¼± ¬¸·­ ·² ¿ ­§­¬»³¿¬·½ ³¿²²»®ò
×²¬»®»­¬·²¹´§ô ¬¸» ¿°°»¿´·²¹ ·¼»¿­ ±º º¿«´¬ ¼±³¿·²­ ¿²¼ ¬»­¬ ¸§°±¬¸»­»­ ¸¿ª» ´¿®¹»´§ ¾»»²
restricted to a few speciﬁcation paradigms. For example, such ideas have only recently
¾»»² ¿°°´·»¼ ¬± ¬»­¬·²¹ º®±³ ´¿¾»´ ¬®¿²­·¬·±² ­§­¬»³­ ÅÔ»­¬·»²²»­ ¿²¼ Ù¿«¼»´ îððîÃ ¿²¼
¬¸»®» ¸¿­ ¾»»² ª»®§ ´·¬¬´» ©±®µ ¿°°´§·²¹ ­«½¸ ¿°°®±¿½¸»­ ¬± ¬»­¬·²¹ º®±³ ³±¼»´ ¾¿­»¼ ­°»½ó
iﬁcationsêò Ì¸·­ ­»»³­ ¿ ´·¬¬´» ­¬®¿²¹»ô ¿²¼ ¬¸» »¨·­¬»²½» ±º ¿°°®±°®·¿¬» º¿«´¬ ¼±³¿·²­ñ¬»­¬
¸§°±¬¸»­»­ º±® ¬¸»­» º±®³¿´·­³­ ·­ ª»®§ ³«½¸ ¿² ±°»² °®±¾´»³ò
×º ©» ¿®» ¬± «­» ¿ º¿«´¬ ¼±³¿·² ±® ¬»­¬ ¸§°±¬¸»­·­ ©» ©¿²¬ ¬± «­» ±²» ¬¸¿¬ ·­ ´·µ»´§ ¬±
¸±´¼ º±® ±«® ­§­¬»³ò ×¼»¿´´§ô ©» ¿´­± ©¿²¬ ¬± ª»®·º§ ¬¸¿¬ ·¬ ¸±´¼­ ó »·¬¸»® ¬¸®±«¹¸ ­¬¿¬·½
¿²¿´§­·­ñ°®±±º ±® ¬»­¬·²¹ò Ì¸«­ô ¬¸» ·­­«»­ ¸»®» ®»´¿¬» ¬± ¬»­¬¿¾·´·¬§ô ¿² ·­­«» ¬¸¿¬ ©» ¼·­½«­­
·² Í»½¬·±² ïðòìò
×¬ ­»»³­ ´·µ»´§ ¬¸¿¬ ¬¸» ¬§°»­ ±º º¿«´¬­ ¬¸¿¬ ©» ½¿² »¨°»½¬ ¬± ¾» °®»­»²¬ ·² ¿ ­§­¬»³ ¼»ó
°»²¼­ «°±² ­»ª»®¿´ º¿½¬±®­ô ­«½¸ ¿­ ­§­¬»³ ¿²¼ °®±¾´»³ °®±°»®¬·»­ ø»ò¹ò °»®½»·ª»¼ ®·­µ÷ô
¬¸» ¼»ª»´±°³»²¬ ³»¬¸±¼±´±¹§ «­»¼ô ¬¸» »¨°»®·»²½» ±º ¬¸» ­¬¿ººô ¿²¼ ¿²§ ¬±±´­ «­»¼ò Ú±®
example, are we likely to see different types of faults if we use formal reﬁnement or au-
¬±½±¼·²¹á Ì¸«­ô ·º ©» ©¿²¬ ¬± ¼»ª»´±° «­»º«´ º¿«´¬ ¼±³¿·²­ ±® ¬»­¬ ¸§°±¬¸»­»­ ¬¸»² ©»
may well beneﬁt from focussing on particular classes of systems and environmentséò Ì¸·­
­«¹¹»­¬­ ¬¸» º±´´±©·²¹ ®»­»¿®½¸ ¯«»­¬·±²ò
Are there well-deﬁned classes of system for which we have a fault domain or test hy-
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If we can ﬁnd such classes of systems, it may be possible to devise targeted techniques
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êThe work on testing from boolean speciﬁcations has, however, considered classes of faults (see, for example,
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used when testing from a Z speciﬁcation [Burton 2002].
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the great beneﬁts of having a formal model is the potential to automate the test generation
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ation is testing from a Finite State Machine (FSM). The presence of an FSM speciﬁcation
simpliﬁes test generation since most of the relevant problems (such as equivalence) are
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ering a speciﬁcation in another formalism, often such problems are undecidable and this
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appropriate across all application domains, the development of domain/language speciﬁc
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prove to be a signiﬁcant area for future research.
Even when dealing with FSM speciﬁcations, there are a number of research questions.
øï÷ Ì»­¬·²¹ ½±²½«®®»²¬ñ¼·­¬®·¾«¬»¼ ­§­¬»³­. Many systems are speciﬁed as a set of
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proaches that analyze such speciﬁcations can encounter the state explosion problem
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øî÷ Testing from partial/incomplete speciﬁcations. In practice many speciﬁcations are
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‘core’ elements are speciﬁed) and sometimes because a component’s context means
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test generation techniques assume that the speciﬁcation is complete — the challenge
is to extend these to incomplete speciﬁcations.
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testing from a non-deterministic speciﬁcation. Consider, for example, the testing of
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speciﬁcation is deterministic and produce preset test cases. Thus, there is the chal-
lenge of generating efﬁcient systematicè ¬»­¬ ­«·¬»­ ½±²­·­¬·²¹ ±º ¿¼¿°¬·ª» ¬»­¬ ½¿­»­ò
Note that some current test generation tools do apply adaptive/on-the-ﬂy techniques
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a fault then every test suite that satisﬁes Ýî will ﬁnd this fault. If this is the case then
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systems. However, for this observation to be useful we need to ﬁnd classes of system and
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about the system can be used to reﬁne other approaches to comparing test criteria and
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pirical studies regarding the efﬁciency and effectiveness of alternative test techniques and
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benchmark systems and speciﬁcations drawn from several application domains. Tools that
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There are several rival deﬁnitions of testability. However, there appears to be at least two
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øï÷ How easy is it to generate a test suite that satisﬁes the given test criterion?
øî÷ How good are test suites, that satisﬁes the test criterion, at ﬁnding any faults that are
°®»­»²¬ ·² ¬¸» ÍËÌá
It is thus clear that testability depends on system and speciﬁcation properties and which
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et al. 2004]. Most work on testability has considered the code rather than the speciﬁcation.
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øï÷ Some approaches to testing from an extended ﬁnite state machine (EFSM) involve
abstracting away the data and guards/conditions from the EFSM to form a ﬁnite state
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produced in this way we then have to ﬁnd an input sequence that leads to the corre-
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the test criterion can be satisﬁed using paths that are known to be feasible. While this
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check it after a test. This problem is simpliﬁed if we are allowed to augment our
speciﬁcation with functions that are designed to achieve this.
øí÷ Sometimes a speciﬁcation of a state-based system may be rewritten in order to aid
testing [Burton 2002]. Speciﬁcally, some speciﬁcations can be rewritten to simplify
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a formal speciﬁcation can be used in order to assist testing. We have seen that software
testing beneﬁts from the presence of a formal speciﬁcation in a number of important ways.
In particular, the presence of a formal speciﬁcation aids test automation and allows the
¬»­¬»® ¬± ®»¿­±² ¿¾±«¬ ¬»­¬ »ºº»½¬·ª»²»­­ò
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ple, the notion of a test hypothesis was introduced for testing against an algebraic speciﬁ-
cation. This is similar to the use of a fault model in testing from a ﬁnite state machine.
There has been much work on using formal speciﬁcations to improve the testing process.
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tion of formal methods. Further, there has not been a signiﬁcation amount of work on com-
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analysis provides speciﬁc information about the actual implementation under test.
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teed to determine correctness under certain well deﬁned conditions. Where we can verify
that the implementation under test satisﬁes these conditions, the test set determines cor-
®»½¬²»­­ò Ì¸·­ ±¾­»®ª¿¬·±² ´»¿¼­ ¬± ¬¸» ¯«»­¬·±² ±º ©¸»¬¸»® ¬¸»®» »¨·­¬ ­«½¸ ½±²¼·¬·±²­ ±®
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to verify. It seems likely that such assumptions will be domain speciﬁc. A further issue
arises where we have reﬁned the speciﬁcation down to code. Where such a process has
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likely to ﬁnd problems in the reﬁnement or to check the axioms that underpin the proof of
correctness of the reﬁnement? If the reﬁnement has not been proved to be correct, what
impact does the potential for reﬁnement errors have on the processes of converting abstract
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the speciﬁcation?
There is a very tangible beneﬁt to answering the above research questions. In his invited
talk at ICSE ’05, Littlewood [Littlewood 2005] reafﬁrmed the inadequacy of test data to
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ÎÛÚÛÎÛÒÝÛÍ
ßÞÎ×ßÔô ÖòóÎò ïççêò Ì¸» ÞóÞ±±µæ ß­­·¹²·²¹ Ð®±¹®¿³­ ¬± Ó»¿²·²¹­ò Ý¿³¾®·¼¹» Ë²·ª»®­·¬§ Ð®»­­ò
ßÛÎÌÎÇÝÕô Ôò Êòô ÞÛÒÊÛÒ×ÍÌÛô Óòô ßÒÜ ÔÛ ÓÛÌßÇÛÎô Üò ïççéò ÝßÍÌ×ÒÙæ ß º±®³¿´´§ ¾¿­»¼ ­±º¬©¿®»
¬»­¬ ¹»²»®¿¬·±² ³»¬¸±¼ò ×² ×ÝÚÛÓùçéæ ï­¬ ×²¬»®²¿¬·±²¿´ Ý±²º»®»²½» ±² Ú±®³¿´ Û²¹·²»»®·²¹ Ó»¬¸±¼­ô ×ÛÛÛô
Ø·®±­¸·³¿ô Ö¿°¿²ò
ßØÑô ßò Êòô ÜßØÞËÎßô ßò Ìòô ÔÛÛô Üòô ßÒÜ ËÇßÎô Óò Ëò ïçèèò ß² ±°¬·³·¦¿¬·±² ¬»½¸²·¯«» º±® °®±¬±½±´
½±²º±®³¿²½» ¬»­¬ ¹»²»®¿¬·±² ¾¿­»¼ ±² Ë×Ñ ­»¯«»²½»­ ¿²¼ Î«®¿´ Ý¸·²»­» Ð±­¬³¿² Ì±«®­ò ×² Protocol Speciﬁ-
cation, Testing, and Veriﬁcation VIIIò Û´­»ª·»® øÒ±®¬¸óØ±´´¿²¼÷ô ß¬´¿²¬·½ Ý·¬§ô éëèêò
ß×ÝØÛÎÒ×Ùô Þò Õò ïçççò ß«¬±³¿¬»¼ ¾´¿½µó¾±¨ ¬»­¬·²¹ ©·¬¸ ¿¾­¬®¿½¬ ÊÜÓ ±®¿½´»­ò ×² Ý±³°«¬»® Í¿º»¬§ô Î»´·ó
¿¾·´·¬§ ¿²¼ Í»½«®·¬§æ ¬¸» ïè¬¸ ×²¬»®²¿¬·±²¿´ Ý±²º»®»²½»ô ÍßÚÛÝÑÓÐùççô Ì±«´±«­»ô Ú®¿²½»ô Í»°¬»³¾»® ïçççô
Óò Ú»´·½·ô Õò Õ¿²±«²ô ¿²¼ ßò Ð¿­¯«·²·ô Û¼­ò Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½»ô ª±´ò ïêçèò Í°®·²¹»®óÊ»®´¿¹ô
îëðîëçò
ß×ÝØÛÎÒ×Ùô Þò Õò 2000. Formal speciﬁcation techniques as a catalyst in validation. In ë¬¸ ×ÛÛÛ Ø·¹¸ ß­­«®¿²½»
­§­¬»³­ »²¹·²»»®·²¹ ­§³°±­·«³ øØßÍÛ îððð÷ô ß´¾«¯«»®¯«»ô Ò»© Ó»¨·½±ò îðíîðéò
ß×ÝØÛÎÒ×Ùô Þò Õò îððï¿ò Í§­¬»³¿¬·½ ¾´¿½µó¾±¨ ¬»­¬·²¹ ±º ½±³°«¬»® ¾¿­»¼ ­§­¬»³­ ¬¸®±«¹¸ º±®³¿´ ¿¾­¬®¿½¬·±²
¬»½¸²·¯«»­ò Ð¸òÜò ¬¸»­·­ô Ù®¿¦ Ë²·ª»®­·¬§ ±º Ì»½¸²±´±¹§ô ß«­¬®·¿ò
ß×ÝØÛÎÒ×Ùô Þò Õò îððï¾ò Ì»­¬ó½¿­» ½¿´½«´¿¬·±² ¬¸®±«¹¸ ¿¾­¬®¿½¬·±²ò ×² Ú±®³¿´ Ó»¬¸±¼­ Û«®±°» øÚÓÛ îððï÷ô
Öò Òò Ñ´·ª»·®¿ ¿²¼ Ðò Æ¿ª»ô Û¼­ò Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½»ô ª±´ò îðîïò Í°®·²¹»®óÊ»®´¿¹ô ëéïëèçò
ßÔóßÓßÇÎÛØô ßò ßÒÜ Æ×Òô ßò Óò 1999. PROBE: A formal speciﬁcation-based testing system. In îð¬¸
×²¬»®²¿¬·±²¿´ ½±²º»®»²½» ±² ×²º±®³¿¬·±² Í§­¬»³­ò ìððìðìò
ßÔÔÛÒô Íò Ðò ßÒÜ ÉÑÑÜÉßÎÜô Óò Îò 1996. Assessing the quality of speciﬁcation-based testing. In Ð®±½»»¼ó
·²¹­ ±º ¬¸» í®¼ ×²¬»®²¿¬·±²¿´ Ý±²º»®»²½» ±² ß½¸·»ª·²¹ Ï«¿´·¬§ ·² Í±º¬©¿®»ò Ý¸¿°³¿² ¿²¼ Ø¿´´ô Ú´±®»²½»ô ×¬¿´§ô
íìïíëìò
ßÔËÎô Îòô ÝÑËÎÝÑËÞÛÌ×Íô Ýòô ØÛÒÆ×ÒÙÛÎô Ìòô ßÒÜ ØÑô Ðò ïççíò Ø§¾®·¼ ¿«¬±³¿¬¿æ ß² ¿´¹±®·¬¸³·½ ¿°°®±¿½¸
to the speciﬁcation and analysis of hybrid systems. Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½» éíêô îðçîîçò
ßÔËÎô Îò ßÒÜ Ü×ÔÔô Üò ïççðò ß«¬±³¿¬¿ º±® ³±¼»´´·²¹ ®»¿´ó¬·³» ­§­¬»³­ò ×² ß«¬±³¿¬¿ô Ô¿²¹«¿¹»­ ¿²¼ Ð®±ó
¹®¿³³·²¹ô ïé¬¸ ×²¬»®²¿¬·±²¿´ Ý±´´±¯«·«³ô ×ÝßÔÐçðò Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½»ô ª±´ò ììíò Í°®·²¹»®ó
Ê»®´¿¹ô íîîííëò
ßÔËÎô Îò ßÒÜ Ü×ÔÔô Üò Ôò ïççìò ß ¬¸»±®§ ±º ¬·³»¼ ¿«¬±³¿¬¿ò Ì¸»±®»¬·½¿´ Ý±³°«¬»® Í½·»²½» ïîêô îô ïèíîíëò
ßÔËÎô Îòô ÙÎÑÍËô Îòô ØËÎô Çòô ÕËÓßÎô Êòô ßÒÜ ÔÛÛô ×ò 2000. Modular speciﬁcation of hybrid systems in
ÝØßÎÑÒò ×² Ø§¾®·¼ Í§­¬»³­æ Ý±³°«¬¿¬·±² ¿²¼ Ý±²¬®±´ô Ì¸·®¼ ×²¬»®²¿¬·±²¿´ É±®µ­¸±°ô ØÍÝÝ îðððò êïçò
ßÔËÎô Îò ßÒÜ ÕËÎÍØßÒô Îò ïççêò Ì·³·²¹ ¿²¿´§­·­ ·² ÝÑÍÐßÒò Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½» ïðêêô
îîðîíïò
ßÓÞÛÎÌô Úòô ÞÑËÏËÛÌô Úòô ÝØÛÓ×Òô Íòô ÙËÛÒßËÜô Íòô ÔÛÙÛßÎÜô Þòô ÐÛËÎÛËÈô Úòô ËÌÌ×ÒÙô Óòô ßÒÜ
ÊßÝÛÔÛÌô Òò îððîò ÞÆó¬»­¬·²¹ó¬±±´­æ ß ¬±±´ó­»¬ º±® ¬»­¬ ¹»²»®¿¬·±² º®±³ Æ ¿²¼ Þ «­·²¹ ½±²­¬®¿·²¬ ´±¹·½
°®±¹®¿³³·²¹ò ×² Ú±®³¿´ ß°°®±¿½¸»­ ¬± Ì»­¬·²¹ Í±º¬©¿®» øÚßÌÛÍ îððî÷ò ×ÒÎ×ßô Þ®²±ô Ý¦»½¸ Î»°«¾´·½ô ïðë
ïîðò
ßÓÔßô Òò ßÒÜ ßÓÓßÒÒô Ðò 1992. Using Z speciﬁcations in category partition testing. In ÝÑÓÐßÍÍ ùçîô é¬¸
ß²²«¿´ Ý±²º»®»²½» ±² Ý±³°«¬»® ß­­«®¿²½»ò Ù¿·¬¸»®­¾«®¹ô ÓÜô ËÍßô ïëïèò
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
~ êé
ßÓÓßÒÒô Ðòô ÞÔßÝÕô Ðò Ûòô ßÒÜ ÓßÖËÎÍÕ×ô Éò 1998. Using model checking to generate tests from speciﬁ-
½¿¬·±²­ò ×² Ð®±½»»¼·²¹­ ±º ¬¸» î²¼ ×ÛÛÛ ×²¬»®²¿¬·±²¿´ Ý±²º»®»²½» ±² Ú±®³¿´ Û²¹·²»»®·²¹ Ó»¬¸±¼­ ø×ÝÚÛÓ
ùçè÷ò Þ®·­¾¿²»ô ß«­¬®¿´·¿ô ìêëìò
ßÓÓßÒÒô Ðò ßÒÜ ÑÚÚËÌÌô Öò ïççìò Ë­·²¹ º±®³¿´ ³»¬¸±¼­ ¬± ¼»®·ª» ¬»­¬ º®¿³»­ ·² ½¿¬»¹±®§ó°¿®¬·¬·±² ¬»­¬·²¹ò
×² ç¬¸ ß²²«¿´ Ý±²º»®»²½» ±² Ý±³°«¬»® ß­­«®¿²½» øÝÑÓÐßÍÍ çì÷ô Ù¿·¬¸»®­¾«®¹ô Ó¿®§´¿²¼ò êçèðò
ßÓÓßÒÒô Ðò Ûò ßÒÜ ÞÔßÝÕô Ðò Ûò îðððò Ì»­¬ ¹»²»®¿¬·±² ¿²¼ ®»½±¹²·¬·±² ©·¬¸ º±®³¿´ ³»¬¸±¼­ò ×² ×²¬»®²¿¬·±²¿´
Workshop on Automated Program Analysis, Testing and Veriﬁcationò Ô·³»®·½µô ×®»´¿²¼ô êìêéò
ßÒÌÍßÕÔ×Íô Ðòô ÕÑØÒô Éòô ÒÛÎÑÜÛô ßòô ßÒÜ ÍßÍÌÎÇô Íòô Û¼­ò ïççëò Ø§¾®·¼ Í§­¬»³­ ××ò Ô»½¬«®» Ò±¬»­ ·²
Ý±³°«¬»® Í½·»²½»ô ª±´ò çççò Í°®·²¹»®óÊ»®´¿¹ò
ßÒÌÍßÕÔ×Íô Ðò Öòô Û¼ò ïççéò Ø§¾®·¼ Í§­¬»³­ ×Êò Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½»ô ª±´ò ïîíéò Í°®·²¹»®ó
Ê»®´¿¹ò
ßÒÌÍßÕÔ×Íô Ðò Öòô ÕÑØÒô Éòô ÔÛÓÓÑÒô Óòô ÒÛÎÑÜÛô ßòô ßÒÜ ÍßÍÌÎÇô Íò ïçççò Ø§¾®·¼ Í§­¬»³­ò Ô»½¬«®»
Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½»ô ª±´ò ïëêéò Í°®·²¹»®óÊ»®´¿¹ò
ßÎÌØÑô Ýòô ÞßÎÎ×ÒÙÛÎô Øòô ÙÑÔÜÞÛÎÙô ßòô ØßÊÛÔËÒÜô Õòô ÕØËÎÍØ×Üô Íòô ÔÑÉÎÇô Óòô ÐßÍßÎÛßÒËô
Ýòô ÎÑÍËô Ùòô ÍÛÒô Õòô Ê×ÍÍÛÎô Éòô ßÒÜ ÉßÍØ×ÒÙÌÑÒô Îò îððëò Ý±³¾·²·²¹ ¬»­¬ ½¿­» ¹»²»®¿¬·±² ¿²¼
runtime veriﬁcation. Ì¸»±®»¬·½¿´ Ý±³°«¬»® Í½·»²½» ííêô îíô îðçîíìò
ßÌÌÛÎÛÎô Îò 2000. Automatic test data generation from VDM-SL speciﬁcations. M.S. thesis, Queen’s Univer-
­·¬§ ±º Þ»´º¿­¬ô Ò±®¬¸»®² ×®»´¿²¼ô ËÕò
ÞßÔßÒÛÍÝËô Ìòô ÝÑÉÔ×ÒÙô Ìòô ÙÛÑÎÙÛÍÝËô Øòô ÙØÛÑÎÙØÛô Óòô ØÑÔÝÑÓÞÛô Óòô ßÒÜ ÊÛÎÌßÒô Ýò ïçççò
Ý±³³«²·½¿¬·²¹ ­¬®»¿³ Èó³¿½¸·²»­ ­§­¬»³­ ¿®» ²± ³±®» ¬¸¿² Èó³¿½¸·²»­ò Ö±«®²¿´ ±º Ë²·ª»®­¿´ Ý±³°«¬»®
Í½·»²½» ëô ìçìëðéò
ÞßÔÔô Ìò ßÒÜ ÎßÖßÓßÒ×ô Íò îððïò ß«¬±³¿¬·½¿´´§ ª¿´·¼¿¬·²¹ ¬»³°±®¿´ ­¿º»¬§ °®±°»®¬·»­ ±º ·²¬»®º¿½»­ò ×²
ÍÐ×Ò îððïò Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½»ô ª±´ò îðëéò Í°®·²¹»®óÊ»®´¿¹ô ïðíïîîò
ÞßÎÒÛÌÌô Óòô ÙÎ×ÛÍÕßÓÐô Éòô ÒßÝØÓßÒÍÑÒô Ôòô ÍÝØËÔÌÛô Éòô Ì×ÔÔÓßÒÒô Òòô ßÒÜ ÊÛßÒÛÍô Óò îððíò
Ì±©¿®¼­ ¿ ¬±±´ »²ª·®±²³»²¬ º±® ³±¼»´¾¿­»¼ ¬»­¬·²¹ ©·¬¸ ß­³Ôò ×² Ú±®³¿´ ß°°®±¿½¸»­ ¬± Ì»­¬·²¹ô ÔÒÝÍ
ª±´«³» îçíïò Í°®·²¹»®Ê»®´¿¹ô Ó±²¬®»¿´ô Ý¿²¿¼¿ô îëîîêêò
ÞÛØÒ×ßô Íò ßÒÜ ÉßÛÍÛÔÇÒÝÕô Øò 1999. Test criteria deﬁnition for B models. In É±®´¼ Ý±²¹®»­­ ±² Ú±®³¿´
Ó»¬¸±¼­ò ëðçëîçò
ÞÛÒÙÌÍÍÑÒô Öòô ÔßÎÍÛÒô Õò Ùòô ÔßÎÍÑÒô Úòô ÐÛÌÌÛÎÍÍÑÒô Ðòô ßÒÜ Ç×ô Éò ïççëò Ë°°ß¿´æ ß ¬±±´ ­«·¬» º±®
automatic veriﬁcation of real-time systems. Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½» ïðêêô îíîîìíò
ÞÛÒÖßÓ×Òô Óòô ÙÛ×ÍÌô Üòô ØßÎÌÓßÒô ßòô ÓßÍô Ùòô ÍÓÛÛÌÍô Îòô ßÒÜ ÉÑÔÚÍÌØßÔô Çò ïçççò ß ­¬«¼§ ·²
½±ª»®¿¹»ó¼®·ª»² ¬»­¬ ¹»²»®¿¬·±²ò ×² íê¬¸ Ü»­·¹² ß«¬±³¿¬·±² Ý±²º»®»²½» øÜßÝùçç÷ò çéðçéëò
ÞÛÎÒÑÌô Ùòô ÙßËÜÛÔô ÓòóÝòô ßÒÜ ÓßÎÎÛô Þò 1991. Software testing based on formal speciﬁcations: A
¬¸»±®§ ¿²¼ ¿ ¬±±´ò ×ÛÛñÞÝÍ Í±º¬©¿®» Û²¹·²»»®·²¹ Ö±«®²¿´ êô êô íèéìðëò
ÞÛÇÛÎô Üòô ÝØÔ×ÐßÔßô ßòô ØÛÒÆ×ÒÙÛÎô Ìòô ÖØßÔßô Îòô ßÒÜ ÓßÖËÓÜßÎô Îò îððìò Ù»²»®¿¬·²¹ ¬»­¬­ º®±³
½±«²¬»®»¨¿³°´»­ò ×² ×ÝÍÛ îððìò ×ÛÛÛ Ý±³°«¬»® Í±½·»¬§ô íîêííëò
Þ×ÝßÎÎÛÙË×ô Öòô Ü×ÝÕô Öòô ÓßÌÌØÛÉÍô Þòô ßÒÜ ÉÑÑÜÍô Ûò 1997. Making the most of formal speciﬁcation
¬¸®±«¹¸ ¿²·³¿¬·±²ô ¬»­¬·²¹ ¿²¼ °®±±ºò Í½·»²½» ±º Ý±³°«¬»® Ð®±¹®¿³³·²¹ îçñïîô ëëèðò
Þ×ÜÑ×Ìô Óò ßÒÜ ÓÑÍÍÛÍô Ðò îððíò CASL User Manual: Introduction to Using the Common Algebraic Speciﬁ-
½¿¬·±² Ô¿²¹«¿¹»ò Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½»ô ª±´ò îçððò Í°®·²¹»®óÊ»®´¿¹ò
ÞÑÙÜßÒÑÊô Õò 2000. Automated testing of Harel’s Statecharts. Ph.D. thesis, The University of Shefﬁeld.
ÞÑËÙ lÛô Ôòô ÝØÑÏËÛÌô Òòô ÚÎ×ÞÑËÎÙô Ôòô ßÒÜ ÙßËÜÛÔô ÓòóÝò ïçèêò Ì»­¬ ­»¬­ ¹»²»®¿¬·±² º®±³ ¿´¹»¾®¿·½
speciﬁcations using logic programming. Ì¸» Ö±«®²¿´ ±º Í§­¬»³­ ¿²¼ Í±º¬©¿®» êô ìô íìííêðò
ÞÑÉÛÒô Öò Ðòô ÞÑÙÜßÒÑÊô Õòô ÝÔßÎÕô Öòô ØßÎÓßÒô Óòô Ø×ÛÎÑÒÍô Îò Óòô ßÒÜ ÕÎßËÍÛô Ðò îððîò
ÚÑÎÌÛÍÌæ Ú±®³¿´ ³»¬¸±¼­ ¿²¼ ¬»­¬·²¹ò ×² îê¬¸ ×ÛÛÛ Ý±³°«¬»® Í±º¬©¿®» ¿²¼ ß°°´·½¿¬·±²­ øÝÑÓÐÍßÝ
îððî÷ò çïïðïò
ÞÎßÜÚ×ÛÔÜô Öò ßÒÜ ÍÌ×ÎÔ×ÒÙô Ýò îððïò Ó±¼¿´ ´±¹·½­ ¿²¼ ³«ó½¿´½«´·æ ß² ·²¬®±¼«½¬·±²ò ×² Ø¿²¼¾±±µ ±º
Ð®±½»­­ ß´¹»¾®¿ò Û´­»ª·»® Í½·»²½»ô îçíííðò
ÞÎ×ÒÕÍÓßô Ûò ïçèèò ß ¬¸»±®§ º±® ¬¸» ¼»®·ª¿¬·±² ±º ¬»­¬­ò ×² Protocol Speciﬁcation, Testing, and Veriﬁcation
Ê×××ò Ò±®¬¸óØ±´´¿²¼ô ß¬´¿²¬·½ Ý·¬§ô êíéìò
ÞÎ×ÒÕÍÓßô Ûòô ØÛÛÎ×ÒÕô Ôòô ßÒÜ ÌÎÛÌÓßÒÍô Öò ïççéò Ü»ª»´±°³»²¬­ ·² ¬»­¬·²¹ ¬®¿²­·¬·±² ­§­¬»³­ò ×²
×Ú×Ð ÌÝê ïð¬¸ ×²¬»®²¿¬·±²¿´ É±®µ­¸±° ±² Ì»­¬·²¹ ±º Ý±³³«²·½¿¬·²¹ Í§­¬»³­ò Õ´«©»®ô Ý¸»¶« ×­´¿²¼ô Õ±®»¿ô
ïìíïêêò
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
êè ~
ÞÎ×ÒÕÍÓßô Ûòô ØÛÛÎ×ÒÕô Ôòô ßÒÜ ÌÎÛÌÓßÒÍô Öò ïççèò Ú¿½¬±®·¦»¼ ¬»­¬ ¹»²»®¿¬·±² º±® ³«´¬·ó·²°«¬ñ±«¬°«¬
¬®¿²­·¬·±² ­§­¬»³­ò ×² ×Ú×Ð ÌÝê ïï¬¸ ×²¬»®²¿¬·±²¿´ É±®µ­¸±° ±² Ì»­¬·²¹ ±º Ý±³³«²·½¿¬·²¹ Í§­¬»³­ò Õ´«©»®ô
Ì±³­µô Î«­­·¿ô êéèîò
ÞÎÑÛÕÓßÒô Þò ßÒÜ ÒÑÌÛÒÞÑÑÓô Ûò îððíò Ì»­¬·²¹ Û³¾»¼¼»¼ Í±º¬©¿®»ò ß¼¼·­±²É»­´»§ô Ô±²¼±²ò
ÞÎÇßÒÌô Îò Ûò ïçèêò Ù®¿°¸ó¾¿­»¼ ¿´¹±®·¬¸³­ º±® Þ±±´»¿² º«²½¬·±² ³¿²·°«´¿¬·±²ò ×ÛÛÛ Ì®¿²­¿½¬·±²­ ±²
Ý±³°«¬»®­ íëô èô êééêçïò
ÞËÎÌÑÒô Íò 2002. Automated testing from speciﬁcations. Ph.D. thesis, The University of York.
ÝßÔÔßØßÒô Öòô ÍÝØÒÛ×ÜÛÎô Úòô ßÒÜ ÛßÍÌÛÎÞÎÑÑÕô Íò ïççêò ß«¬±³¿¬»¼ ­±º¬©¿®» ¬»­¬·²¹ «­·²¹ ³±¼»´ó
½¸»½µ·²¹ò ×² ÍÐ×Ò ùçêò Î«¬¹»®­ Ë²·ª»®­·¬§ô ïïèïîéò
ÝßÎÜÛÔÔóÑÔ×ÊÛÎô Îò 2000. Conformance tests for real-time systems with timed automata speciﬁcations.
Ú±®³¿´ ß­°»½¬­ ±º Ý±³°«¬·²¹ ïîô ëô íëðíéïò
ÝßÎÎ×ÒÙÌÑÒô Üò ßò ßÒÜ ÍÌÑÝÕÍô Ðò ßò ïççìò ß ¬¿´» ±º ¬©± °¿®¿¼·¹³­æ Ú±®³¿´ ³»¬¸±¼­ ¿²¼ ­±º¬©¿®»
¬»­¬·²¹ò ×² Æ Ë­»® É±®µ­¸±°ô Ý¿³¾®·¼¹» ïççìô Öò Ðò Þ±©»² ¿²¼ Öò ßò Ø¿´´ô Û¼­ò É±®µ­¸±°­ ·² Ý±³°«¬·²¹ò
Í°®·²¹»®óÊ»®´¿¹ô ëïêèò
ÝßÊßÔÔ×ô ßò Îòô ÝØ×Òô ÞòóÓòô ßÒÜ ÝØÑÒô Õò ïççêò Ì»­¬·²¹ ³»¬¸±¼­ º±® ÍÜÔ ­§­¬»³­ò Ý±³°«¬»® Ò»¬©±®µ­
¿²¼ ×ÍÜÒ Í§­¬»³­ îèô ïîô ïêêçïêèíò
ÝßÊßÔÔ×ô ßò Îòô ÔÛÛô Üòô Î×ÒÜÛÎÕÒÛÝØÌô Ýòô ßÒÜ Æßx×Ü×ô Úò ïçççò Ø·¬ó±®ó¶«³°æ ß² ¿´¹±®·¬¸³ º±® »³¾»¼¼»¼
¬»­¬·²¹ ©·¬¸ ¿°°´·½¿¬·±²­ ¬± ·² ­»®ª·½»­ò ×² Ú±®³¿´ Ó»¬¸±¼­ º±® Ð®±¬±½±´ Û²¹·²»»®·²¹ ¿²¼ Ü·­¬®·¾«¬»¼ Í§­¬»³­
øÚÑÎÌÛ È××÷ò ìïëêò
ÝØßÒô Éò Çò Ôòô ÊËÑÒÙô Íò Ìòô ßÒÜ ×ÌÑô Óò Îò ïçèçò Ñ² ¬»­¬ ­»¯«»²½» ¹»²»®¿¬·±² º±® °®±¬±½±´­ò ×² ×Ú×Ð
WG6.1 Ninth International Symposium on Protocol Speciﬁcation, Testing and Veriﬁcationò ïïçïíðò
ÝØßÒÙô Öò ßÒÜ Î×ÝØßÎÜÍÑÒô Üò 1994. Static and dynamic speciﬁcation slicing. In ì¬¸ ×®ª·²» Í±º¬©¿®»
Í§³°±­·«³ô ×®ª·²»ô Ý¿´º±®²·¿ô ËÍßò
ÝØÛÒô Øò Çòô ÌÍÛô Ìò Øòô ÝØßÒô Úò Ìòô ßÒÜ ÝØÛÒô Ìò Çò ïççèò ×² ¾´¿½µ ¿²¼ ©¸·¬»æ ß² ·²¬»¹®¿¬»¼ ¿°°®±¿½¸
¬± ½´¿­­ó´»ª»´ ¬»­¬·²¹ ±º ±¾¶»½¬ó±®·»²¬»¼ °®±¹®¿³­ò ßÝÓ Ì®¿²­¿½¬·±²­ ±² Í±º¬©¿®» Û²¹·²»»®·²¹ ¿²¼ Ó»¬¸±¼ó
±´±¹§ éô íô îëðîçëò
ÝØÛÒô Øò Çòô ÌÍÛô Ìò Øòô ßÒÜ ÝØÛÒô Ìò Çò îððïò ÌßÝÝÔÛæ ß ³»¬¸±¼±´±¹§ º±® ±¾¶»½¬ó±®·»²¬»¼ ­±º¬©¿®»
¬»­¬·²¹ ¿¬ ¬¸» ½´¿­­ ¿²¼ ½´«­¬»® ´»ª»´­ò ßÝÓ Ì®¿²­¿½¬·±²­ ±² Í±º¬©¿®» Û²¹·²»»®·²¹ ¿²¼ Ó»¬¸±¼±´±¹§ ïðô ìô
ëêïðçò
ÝØÛÒô Øò Çòô ÌÍÛô Ìò Øòô ßÒÜ ÜÛÒÙô Çò Ìò îðððò ÎÑÝÍæ ¿² ±¾¶»½¬ó±®·»²¬»¼ ½´¿­­ó´»ª»´ ¬»­¬·²¹ ­§­¬»³ ¾¿­»¼
±² ¬¸» ®»´»ª¿²¬ ±¾­»®ª¿¾´» ½±²¬»¨¬­ ¬»½¸²·¯«»ò ×²º±®³¿¬·±² ¿²¼ Í±º¬©¿®» Ì»½¸²±´±¹§ ìîô ïðô êééêèêò
ÝØÑÏËÛÌô Òò ïçèêò Ì»­¬ ¼¿¬¿ ¹»²»®¿¬·±² «­·²¹ ¿ °®±´±¹ ©·¬¸ ½±²­¬®¿·²¬­ò ×² Ì¸» É±®µ­¸±° ±² Í±º¬©¿®» Ì»­¬·²¹ò
×ÛÛÛ Ý±³°«¬»® Í±½·»¬§ Ð®»­­ô Ô±­ ß´¿³·¬±­ô Ýßô ïíîïìïò
ÝØÑÉô Ìò Íò 1978. Testing software design modelled by ﬁnite state machines. ×ÛÛÛ Ì®¿²­¿½¬·±²­ ±² Í±º¬©¿®»
Û²¹·²»»®·²¹ ìô ïéèïèéò
Ý×ßÒÝßÎ×Ò×ô Ðòô Ý×ÓßÌÑô Íòô ßÒÜ ÓßÍÝÑÔÑô Ýò ïççêò Û²¹·²»»®·²¹ º±®³¿´ ®»¯«·®»³»²¬­æ ß²¿´§­·­ ¿²¼ ¬»­¬ó
·²¹ò ×² è¬¸ ×²¬»®²¿¬·±²¿´ Ý±²º»®»²½» ±² Í±º¬©¿®» Û²¹·²»»®·²¹ ¿²¼ Õ²±©´»¼¹» Û²¹·²»»®·²¹ øÍÛÕÛ÷ô Ô¿µ»
Ì¿¸±»ò íèëíçîò
Ý×ÓßÌÌ×ô ßòô ÝÔßÎÕÛô Ûò Óòô Ù×ËÒÝØ×ÙÔ×ßô Úòô ßÒÜ ÎÑÊÛÎ×ô Óò ïçççò Ò«ÍÓÊæ ß ²»© ­§³¾±´·½ ³±¼»´
veriﬁer. In ÝßÊ ùççò Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½»ô ª±´ò ïìêìò Í°®·²¹»®óÊ»®´¿¹ô ìçëìççò
ÝÔßÎÕÛô Ûò Óò ßÒÜ ÛÓÛÎÍÑÒô Ûò ßò ïçèïò Í§²¬¸»­·­ ±º ­§²½¸®±²·¦¿¬·±² ­µ»´»¬±²­ º±® ¾®¿²½¸·²¹ ¬·³» ¬»³°±ó
®¿´ ´±¹·½ò ×² É±®µ­¸±° ±² Ô±¹·½­ ±º Ð®±¹®¿³­ò Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½»ô ª±´ò ïíïò Í°®·²¹»®óÊ»®´¿¹ô
ëîéïò
ÝÔßÎÕÛô Ûò Óòô ÛÓÛÎÍÑÒô Ûò ßòô ßÒÜ Í×ÍÌßÔßô ßò Ðò 1986. Automatic veriﬁcation of ﬁnite-state concurrent
systems using temporal logic speciﬁcations. ßÝÓ Ì®¿²­¿½¬·±²­ ±² Ð®±¹®¿³³·²¹ Ô¿²¹«¿¹»­ ¿²¼ Í§­¬»³­ èô îô
îììîêíò
ÝÔßÎÕÛô Ûò Óòô ÙÎËÓÞÛÎÙô Ñòô ßÒÜ ÐÛÔÛÜô Üò ïçççò Ó±¼»´ Ý¸»½µ·²¹ò Ó×Ì Ð®»­­ò
ÝÔßÎÕÛô Ûò Óò ßÒÜ É×ÒÙô Öò Óò ïççêò Ú±®³¿´ ³»¬¸±¼­æ Í¬¿¬» ±º ¬¸» ¿®¬ ¿²¼ º«¬«®» ¼·®»½¬·±²­ò ßÝÓ Ý±³°«¬ó
·²¹ Í«®ª»§­ îèô ìô êîêêìíò
ÝÔßÎÕÛô Ôò ßòô ØßÍÍÛÔÔô Öòô ßÒÜ Î×ÝØßÎÜÍÑÒô Üò Öò ïçèîò ß ½´±­» ´±±µ ¿¬ ¼±³¿·² ¬»­¬·²¹ò ×ÛÛÛ Ì®¿²­¿½ó
¬·±²­ ±² Í±º¬©¿®» Û²¹·²»»®·²¹ èô ìô íèðíçðò
ÝÔÛßÊÛÔßÒÜô Îòô Ô×ô Ìòô ßÒÜ Í×ÓÍô Íò îðððò Ì¸» Ý±²½«®®»²½§ ©±®µ¾»²½¸ ±º ¬¸» ²»© ½»²¬«®§ò ÍËÒÇô Í¬±²§
Þ®±±µò
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
~ êç
ÝÑÎÞÛÌÌô Öò Ýòô ÜÉÇÛÎô Óò Þòô ØßÌÝÔ×ÚÚô Öòô ÔßËÞßÝØô Íòô ÐßÍßÎÛßÒËô Ýò Íòô ÎÑÞÞÇô ßÒÜ ÆØÛÒÙô Øò
2000. Bandera: extracting ﬁnite-state models from Java source code. In ×²¬»®²¿¬·±²¿´ Ý±²º»®»²½» ±² Í±º¬©¿®»
Û²¹·²»»®·²¹ò ×ÛÛÛ Ý±³°«¬»® Í±½·»¬§ Ð®»­­ô ìíçììèò
ÝÎßÙÙÍô ×òô ÍßÎÜ×Íô Óòô ßÒÜ ØÛË×ÔÔßÎÜô Ìò îððíò ßÙÛÜ×Í ½¿­» ­¬«¼·»­æ Ó±¼»´ó¾¿­»¼ ¬»­¬·²¹ ·² ·²¼«­¬®§ò
ÝËÍßÝÕô Ûò ßÒÜ ÉÛÆÛÓßÒô Ýò 1993. Deriving tests for objects speciﬁed in z. In Æ Ë­»® É±®µ­¸±°ô Ô±²¼±²
ïççîô Öò Ðò Þ±©»² ¿²¼ Öò Ûò Ò·½¸±´´­ô Û¼­ò É±®µ­¸±°­ ·² Ý±³°«¬·²¹ò Í°®·²¹»®óÊ»®´¿¹ô ïèðïçëò
ÜßËÝØÇô Ðòô ÙßËÜÛÔô ÓòóÝòô ßÒÜ ÓßÎÎÛô Þò 1993. Using algebraic speciﬁcations in software testing: A
½¿­» ­¬«¼§ ±² ¬¸» ­±º¬©¿®» ±º ¿² ¿«¬±³¿¬·½ ­«¾©¿§ò Ì¸» Ö±«®²¿´ ±º Í§­¬»³­ ¿²¼ Í±º¬©¿®» îïô íô îîçîììò
ÜßÉÍô Ýòô ÑÔ×ÊÛÎÑô ßòô ÌÎ×ÐßÕ×Íô Íòô ßÒÜ ÇÑÊ×ÒÛô Íò ïççëò Ì¸» ¬±±´ µ®±²±­ò ×² Ø§¾®·¼ Í§­¬»³­ò Ô»½¬«®»
Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½»ô ª±´ò ïðêêò Í°®·²¹»®ô îðèîïçò
ÜÛ ÊÎ×ÛÍô Îò Ùò ßÒÜ ÌÎÛÌÓßÒÍô Öò 2000. On-the-ﬂy conformance testing using ÍÐ×Òò Í±º¬©¿®» Ì±±´­ º±®
Ì»½¸²±´±¹§ Ì®¿²­º»® îô ì øÓ¿®ò÷ô íèîíçíò
ÜÛÓ×ÔÔÑô Îòô Ô×ÐÌÑÒô Îò Öòô ßÒÜ ÐÛÎÔ×Íô ßò Öò ïçéçò Í±½·¿´ °®±½»­­»­ ¿²¼ °®±±º­ ±º ¬¸»±®»³­ ¿²¼ °®±¹®¿³­ò
Ý±³³«²·½¿¬·±²­ ±º ¬¸» ßÝÓ îîô ëô îéïîèðò
ÜÛÎÎ×ÝÕô Öò ßÒÜ ÞÑ×ÌÛÒô Ûò 1999. Testing reﬁnements of state-based formal speciﬁcations. Í±º¬©¿®» Ì»­¬·²¹ô
Veriﬁcation and Reliability 9ô îéëðò
Ü×ÝÕô Öò ßÒÜ Úß×ÊÎÛô ßò ïççíò ß«¬±³¿¬·²¹ ¬¸» ¹»²»®¿¬·±² ¿²¼ ­»¯«»²½·²¹ ±º ¬»­¬ ½¿­»­ º®±³ ³±¼»´ ¾¿­»¼
speciﬁcations. In ÚÓÛ ùçíæ ×²¼«­¬®·¿´ Í¬®»²¹¬¸ Ú±®³¿´ Ó»¬¸±¼­ô Öò Ýò Ðò É±±¼½±½µ ¿²¼ Ðò Ùò Ô¿®­»²ô Û¼­ò
Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½»ô ª±´ò êéðò Í°®·²¹»®óÊ»®´¿¹ô îêèîèìò
Ü×ÖÕÍÌÎßô Ûò Éò ïçéîò Ò±¬»­ ±º ­¬®«½¬«®»¼ °®±¹®¿³³·²¹ò ×² Í¬®«½¬«®»¼ Ð®±¹®¿³³·²¹ô Ñò Öò Ü¿¸´ô Ûò Éò
Ü·¶µ­¬®¿ô ¿²¼ Ýò ßò Îò Ø±¿®»ô Û¼­ò ß½¿¼»³·½ Ð®»­­ò
ÜÑÑÒÙô ÎòóÕò ßÒÜ ÚÎßÒÕÔô Ðò Ùò ïççïò Ý¿­» ­¬«¼·»­ ±² ¬»­¬·²¹ ±¾¶»½¬ó±®·»²¬»¼ °®±¹®¿³­ò ×² Ì¸» Í§³°±­·«³
on Testing, Analysis and Veriﬁcation (TAV4)ò ßÝÓ Ð®»­­ô Ò»© Ç±®µô ïêëïééò
ÜÑÑÒÙô ÎòóÕò ßÒÜ ÚÎßÒÕÔô Ðò Ùò ïççìò Ì¸» ßÍÌÑÑÌ ¿°°®±¿½¸ ¬± ¬»­¬·²¹ ±¾¶»½¬ó±®·»²¬»¼ °®±¹®¿³­ò ßÝÓ
Ì®¿²­¿½¬·±²­ ±² Í±º¬©¿®» Û²¹·²»»®·²¹ ¿²¼ Ó»¬¸±¼±´±¹§ íô îô ïðïïíðò
ÜËßÔÛô ßò Çò ßÒÜ ËÇßÎô Óò Ëò îððìò ß ³»¬¸±¼ »²¿¾´·²¹ º»¿­·¾´» ½±²º±®³¿²½» ¬»­¬ ­»¯«»²½» ¹»²»®¿¬·±² º±®
ÛÚÍÓ ³±¼»´­ò ×ÛÛÛ Ì®¿²­¿½¬·±²­ ±² Ý±³°«¬»®­ ëíô ëô êïìêîéò
Û×ÔÛÒÞÛÎÙô Íò ïçéìò ß«¬±³¿¬¿ô ´¿²¹«¿¹»­ ¿²¼ ³¿½¸·²»­ò Ê±´ò ßò ß½¿¼»³·½ Ð®»­­ò
Û×ÍÒÛÎô Ýò 2005. Formal veriﬁcation of software source code through semi-automatic modeling. Í±º¬©¿®» ¿²¼
Í§­¬»³ Ó±¼»´·²¹ ìô ïô ïìíïò
ÛÔóÚßÎô ×ò Õòô ÌØÑÓÐÍÑÒô Øò Øòô ßÒÜ ÓÑÌÌßÇô Úò Ûò îððïò Û¨°»®·»²½»­ ·² ¬»­¬·²¹ °±½µ»¬ ÐÍ ¿°°´·½¿¬·±²­ò
×² ×²¬»®²¿¬·±²¿´ ×²¬»®²»¬ ú Í±º¬©¿®» Ï«¿´·¬§ É»»µ Û«®±°» Ý±²º»®»²½»ò
ÛÓÛÎÍÑÒô Ûò ßò ïççðò Ì»³°±®¿´ ¿²¼ ³±¼¿´ ´±¹·½ò ×² Ø¿²¼¾±±µ ±º Ì¸»±®»¬·½¿´ Ý±³°«¬»® Í½·»²½»ò Ê±´ò Þò
Ò±®¬¸óØ±´´¿²¼ô ççëïðéîò
ÛÒóÒÑËßßÎÇô ßòô ÜÍÍÑËÔ×ô Îòô ßÒÜ ÕØÛÒÜÛÕô Úò îððîò Ì·³»¼ É°ó³»¬¸±¼æ Ì»­¬·²¹ ®»¿´ó¬·³» ­§­¬»³­ò
×ÛÛÛ Ì®¿²­¿½¬·±²­ ±² Í±º¬©¿®» Û²¹·²»»®·²¹ îèô ïïô ïðîíïðíèò
ÛÒóÒÑËßßÎÇô ßòô ÜÍÍÑËÔ×ô Îòô ÕØÛÒÜÛÕô Úòô ßÒÜ ÛÔÏÑÎÌÑÞ×ô ßò ïççèò Ì·³»¼ ¬»­¬ ½¿­»­ ¹»²»®¿¬·±²
¾¿­»¼ ±² ­¬¿¬» ½¸¿®¿½¬»®·¦¿¬·±² ¬»½¸²·¯«»ò ×² ×ÛÛÛ Î»¿´óÌ·³» Í§­¬»³­ Í§³°±­·«³ò îîðîîçò
ÛÒÙÛÔÍô ßòô ÚÛ×ÖÍô Ôò Óò Ùòô ßÒÜ ÓßËÉô Íò ïççéò Ì»­¬ ¹»²»®¿¬·±² º±® ·²¬»´´·¹»²¬ ²»¬©±®µ­ «­·²¹ ³±¼»´
½¸»½µ·²¹ò ×² Ì±±´­ ¿²¼ ß´¹±®·¬¸³­ º±® Ý±²­¬®«½¬·±² ¿²¼ ß²¿´§­·­ ±º Í§­¬»³­ô Ì¸·®¼ ×²¬»®²¿¬·±²¿´ É±®µ­¸±°ô
ÌßÝßÍ ùçéò Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½»ô ª±´ò ïîïéò Í°®·²¹»®óÊ»®´¿¹ô íèìíçèò
ÛÎÒÍÌô Óò Üò îððïò Í«³³¿®§ ±º ¼§²¿³·½¿´´§ ¼·­½±ª»®·²¹ ´·µ»´§ °®±¹®¿³ ·²ª¿®·¿²¬­ò ×² ×²¬»®²¿¬·±²¿´ Ý±²º»®ó
»²½» ±² Í±º¬©¿®» Ó¿·²¬»²¿²½» ø×ÝÍÓ îððï÷ò ëìðëììò
ÚßÎÝØ×ô Ûòô ØßÎÌÓßÒô ßòô ßÒÜ Ð×ÒÌÛÎô Íò îððîò Ë­·²¹ ¿ ³±¼»´ó¾¿­»¼ ¬»­¬ ¹»²»®¿¬±® ¬± ¬»­¬ º±® ­¬¿²¼¿®¼
½±²º±®³¿²½»ò ×ÞÓ ­§­¬»³­ ¶±«®²¿´ ìïô ïô èçïïðò
ÚÛÒÌÑÒô Òòô ÕÎßËÍÛô Ðòô ßÒÜ ÒÛ×Ôô Óò îððîò Í±º¬©¿®» Ó»¿­«®»³»²¬æ Ë²½»®¬¿·²¬§ ¿²¼ Ý¿«­¿´ Ó±¼»´·²¹ò
×ÛÛÛ Í±º¬©¿®» ïðô ìô ïïêïîîò
ÚÛÎÒßÒÜÛÆô ÖòóÝòô ÖßÎÜô Ýòô ÖÛÎÑÒô Ìòô ßÒÜ Ê×ØÑô Ùò 1996. Using on-the-ﬂy veriﬁcation techniques for
¬¸» ¹»²»®¿¬·±² ±º ¬»­¬ ­«·¬»­ò Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½» ïïðîô íìèíëçò
ÚÛÌÆÛÎô Öò Øò 1988. Program veriﬁcation: The very idea. Ý±³³«²·½¿¬·±²­ ±º Ì¸» ßÝÓ íïô çô ïðìèïðêíò
ÚÔÛÌÝØÛÎô Îò ßÒÜ ÍßÖÛÛÊô ßò Íò Óò ïççêò ß º®¿³»©±®µ º±® ¬»­¬·²¹ ±¾¶»½¬ó±®·»²¬»¼ ­±º¬©¿®» «­·²¹ º±®ó
mal speciﬁcations. In ß¼¿óÛ«®±°»ùçêô ×²¬»®²¿¬·±²¿´ ½±²º»®»²½» ±² ®»´·¿¾´» ­±º¬©¿®» ¬»½¸²±´±¹·»­ô Ó±²¬®»«¨ô
Í©·¬¦»®´¿²¼ò ïëçïéðò
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
éð ~
Ú±®³¿´ Í§­¬»³­ øÛ«®±°»÷ Ô¬¼ ïççéò Failures-Divergence Reﬁnement: FDR2 User Manualò Ú±®³¿´ Í§­¬»³­
øÛ«®±°»÷ Ô¬¼ò
ÚÎßÒÌÆÛÒô Ôòô ÌÎÛÌÓßÒÍô Öòô ßÒÜ É×ÔÔÛÓÍÛô Ìò ßò Ýò 2004. Test generation based on symbolic speciﬁ-
½¿¬·±²­ò ×² Ú±®³¿´ ß°°®±¿½¸»­ ¬± Í±º¬©¿®» Ì»­¬·²¹ô ì¬¸ ×²¬»®²¿¬·±²¿´ É±®µ­¸±° øÚßÌÛÍ îððì÷ò Ô·²¦ô ß«­¬®·¿ô
ïïëò
ÚËÖ×ÉßÎßô Íòô ÊÑÒ ÞÑÝØÓßÒÒô Ùòô ÕØÛÒÜÛÕô Úòô ßÓßÔÑËô Óòô ßÒÜ ÙØÛÜßÓÍ×ô ßò ïççïò Ì»­¬ ­»´»½¬·±²
based on ﬁnite state models. ×ÛÛÛ Ì®¿²­¿½¬·±²­ ±² Í±º¬©¿®» Û²¹·²»»®·²¹ ïéô êô ëçïêðíò
ÙßÒÒÑÒô Öòô ÓÝÓËÔÔ×Òô Ðòô ßÒÜ ØßÓÔÛÌô Îò 1981. Data-abstraction implementation, speciﬁcation, and
¬»­¬·²¹ò ßÝÓ Ì®¿²­¿½¬·±²­ ±² Ð®±¹®¿³³·²¹ Ô¿²¹«¿¹»­ ¿²¼ Í§­¬»³­ íô îô îïïîîíò
ÙßÎßÊÛÔô Øò ßÒÜ ØÛÎÓßÒÒÍô Øò 2002. On combining functional veriﬁcation and performance evaluation
«­·²¹ ÝßÜÐò ×² ×²¬»®²¿¬·±²¿´ Í§³°±­·«³ ±º Ú±®³¿´ Ó»¬¸±¼­ Û«®±°» øÚÓÛ÷ò ìïðìîçò
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×ÍÑò
×ÌËóÌò ïççéò Î»½±³³»²¼¿¬·±² Æòëðð Ú®¿³»©±®µ ±² Ú±®³¿´ Ó»¬¸±¼­ ·² Ý±²º±®³¿²½» Ì»­¬·²¹ò ×²¬»®²¿¬·±²¿´
Ì»´»½±³³«²·½¿¬·±²­ Ë²·±²ô Ù»²»ª¿ô Í©·¬¦»®´¿²¼ò
×ÌËóÌò ïçççò Recommendation Z.100 Speciﬁcation and Description Language (SDL)ò ×²¬»®²¿¬·±²¿´ Ì»´»½±³ó
³«²·½¿¬·±²­ Ë²·±²ô Ù»²»ª¿ô Í©·¬¦»®´¿²¼ò
ÖßÝÕÍÑÒô Üò ßÒÜ ÊßÆ×Î×ô Óò îðððò Ú·²¼·²¹ ¾«¹­ ©·¬¸ ¿ ½±²­¬®¿·²¬ ­±´ª»®ò ×² ×ÍÍÌßùððæ ×²¬»®²¿¬·±²¿´ ­§³°±ó
­·«³ ±² ­±º¬©¿®» ¬»­¬·²¹ ¿²¼ ¿²¿´§­·­ò ßÝÓ Ð®»­­ô ïìîëò
ÖßÔÑÌÛô Ðò 1983. Speciﬁcation and testing of abstract data types. In é¬¸ ×²¬»®²¿¬·±²¿´ Ý±³°«¬»® Í±º¬©¿®» ¿²¼
ß°°´·½¿¬·±²­ Ý±²º»®»²½» øÝÑÓÐÍßÝ ùèí÷ò ×ÛÛÛ Ý±³°«¬»® Í±½·»¬§ Ð®»­­ô Ý¸·½¿¹±ô ëðèëïïò
ÖßÔÑÌÛô Ðò ßÒÜ ÝßÞßÔÔÛÎÑô Óò Ùò ïçèèò ß«¬±³¿¬»¼ ¬»­¬½¿­» ¹»²»®¿¬·±² º±® ¼¿¬¿ ¿¾­¬®¿½¬·±²ò ×² ïî¬¸ ×²¬»®ó
²¿¬·±²¿´ Ý±³°«¬»® Í±º¬©¿®» ¿²¼ ß°°´·½¿¬·±²­ Ý±²º»®»²½» øÝÑÓÐÍßÝ ùèè÷ò ×ÛÛÛ Ý±³°«¬»® Í±½·»¬§ Ð®»­­ô
Ý¸·½¿¹±ô îðëîïðò
ÖßÎÜô Ýò ßÒÜ Ö lÛÎÑÒô Ìò îððëò ÌÙÊæ ¬¸»±®§ô °®·²½·°´»­ ¿²¼ ¿´¹±®·¬¸³­ò ×²¬»®²¿¬·±²¿´ Ö±«®²¿´ ±² Í±º¬©¿®»
Ì±±´­ º±® Ì»½¸²±´±¹§ Ì®¿²­º»® éô ìô îçéíïëò
ÖÑÒÛÍô Ýò Þò ïççïò Í§­¬»³¿¬·½ Í±º¬©¿®» Ü»ª»´±°³»²¬ «­·²¹ ÊÜÓô î²¼ »¼ò Ð®»²¬·½» Ø¿´´ ×²¬»®²¿¬·±²¿´ Í»®·»­ ·²
Ý±³°«¬»® Í½·»²½»ò
ÕÛÓÓÛÎÛÎô Îò ßò 1985. Testing formal speciﬁcations to detect design errors. ×ÛÛÛ Ì®¿²­¿½¬·±²­ ±² Í±º¬©¿®»
Û²¹·²»»®·²¹ ïïô ïô íîìíò
ÕÛÎÞÎßÌô ßòô Ö lÛÎÑÒô Ìòô ßÒÜ ÙÎÑÆô Îò 1999. Automated test generation from SDL speciﬁcations. In ÍÜÔ
Ú±®«³ò ïíëïëîò
ÕÛÎÒ×ÙØßÒô Þò Éò ßÒÜ ÐÔßËÙÛÎô Ðò Öò ïçèïò Í±º¬©¿®» Ì±±´­ ·² Ð¿­½¿´ò ß¼¼·­±²óÉ»­´»§ô Î»¿¼·²¹ô Óßò
Õ×ÒÙô Íòô ØßÓÓÑÒÜô Öòô ÝØßÐÓßÒô Îòô ßÒÜ ÐÎÇÑÎô ßò îðððò ×­ °®±±º ³±®» ½±­¬ó»ºº»½¬·ª» ¬¸¿² ¬»­¬·²¹á
×ÛÛÛ Ì®¿²­¿½¬·±²­ ±² Í±º¬©¿®» Û²¹·²»»®·²¹ îêô è øß«¹ò÷ô êéëêèêò
ÕÑØßÊ×ô Æò ïçéèò Í©·¬½¸·²¹ ¿²¼ Ú·²·¬» Í¬¿¬» ß«¬±³¿¬¿ Ì¸»±®§ò Ó½Ù®¿©óØ·´´ô Ò»© Ç±®µò
ÕÑÒÜÑô Õò ßÒÜ ÇÑÍØ×Üßô Óò îððëò Ë­» ±º ¸§¾®·¼ ³±¼»´­ º±® ¬»­¬·²¹ ¿²¼ ¼»¾«¹¹·²¹ ½±²¬®±´ ­±º¬©¿®» º±®
»´»½¬®±³»½¸¿²·½¿´ ­§­¬»³­ò ×ÛÛÛñßÍÓÛ Ì®¿²­¿½¬·±²­ ±² Ó»½¸¿¬®±²·½­ ïðô íô îéëîèìò
ÕÑÒ lÛô Ñò îððïò ß ´±½¿´ ¿°°®±¿½¸ ¬± ¬¸» ¬»­¬·²¹ ±º ®»¿´ó¬·³» ­§­¬»³­ò Ý±³°«¬»® Ö±«®²¿´ ììô ëô ìíëììéò
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
~ éí
ÕÎ×ÝØÛÒô Óò ßÒÜ ÌÎ×ÐßÕ×Íô Íò îððìò Þ´¿½µó¾±¨ ½±²º±®³¿²½» ¬»­¬·²¹ º±® ®»¿´ó¬·³» ­§­¬»³­ò ×² ïï¬¸ ×²¬»®²¿ó
¬·±²¿´ ÍÐ×Ò É±®µ­¸±°ò ïðçïîêò
ÕÎ×ÝØÛÒô Óò ßÒÜ ÌÎ×ÐßÕ×Íô Íò îððëò ß² »¨°®»­­·ª» ¿²¼ ·³°´»³»²¬¿¾´» º±®³¿´ º®¿³»©±®µ º±® ¬»­¬·²¹ ®»¿´ó
¬·³» ­§­¬»³­ò ×² ïé¬¸ ×Ú×Ð ÌÝêñÉÙ êòï ×²¬»®²¿¬·±²¿´ Ý±²º»®»²½» ±² Ì»­¬·²¹ ±º Ý±³³«²·½¿¬·²¹ Í§­¬»³­
øÌ»­¬Ý±³ ðë÷ò îðçîîëò
ÕËØÒô Üò Îò 1999. Fault classes and error detection capability of speciﬁcation–based testing. ßÝÓ Ì®¿²­¿½¬·±²­
±² Í±º¬©¿®» Û²¹·²»»®·²¹ ¿²¼ Ó»¬¸±¼±´±¹§ èô ìô ìïïìîìò
ÔßËô Óò Úò ßÒÜ ÇËô ÇòóÌò 2005. An extended fault class hierarchy for speciﬁcation-based testing. ßÝÓ
Ì®¿²­¿½¬·±²­ ±² Í±º¬©¿®» Û²¹·²»»®·²¹ ¿²¼ Ó»¬¸±¼±´±¹§ ïìô íô îìéîéêò
ÔÛÜËÝô Ùò ïççïò Ý±²º±®³¿²½» ®»´¿¬·±²ô ¿­­±½·¿¬»¼ »¯«·ª¿´»²½»ô ¿²¼ ¿ ²»© ½¿²±²·½¿´ ¬»­¬»® ·² ÔÑÌÑÍò ×²
Protocol Speciﬁcation, Testing, and Veriﬁcation XIò Û´­»ª·»® øÒ±®¬¸óØ±´´¿²¼÷ô îìçîêìò
ÔÛÛô Üò ßÒÜ ÇßÒÒßÕßÕ×Íô Óò 1994. Testing ﬁnite-state machines: State identiﬁcation and veriﬁcation. ×ÛÛÛ
Ì®¿²­¿½¬·±²­ ±² Ý±³°«¬»®­ ìíô íô íðêíîðò
ÔÛÛô Üò ßÒÜ ÇßÒÒßÕßÕ×Íô Óò 1996. Principles and methods of testing ﬁnite-state machines. Ð®±½»»¼·²¹­ ±º
¬¸» ×ÛÛÛ èìô èô ïðèçïïîíò
ÔÛÙÛßÎÜô Þòô ÐÛËÎÛËÈô Úòô ßÒÜ ËÌÌ×ÒÙô Óò îððî¿ò ß«¬±³¿¬»¼ ¾±«²¼¿®§ ¬»­¬·²¹ º®±³ Æ ¿²¼ Þò ×² Ú±®³¿´
Ó»¬¸±¼­ Û«®±°» øÚÓÛ ðî÷ò Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½»ô ª±´ò îíçïò Í°®·²¹»®ô îïìðò
ÔÛÙÛßÎÜô Þòô ÐÛËÎÛËÈô Úòô ßÒÜ ËÌÌ×ÒÙô Óò îððî¾ò ß ½±³°¿®·­±² ±º ¬¸» ÞÌÌ ¿²¼ ÌÌÚ ¬»­¬ó¹»²»®¿¬·±²
³»¬¸±¼­ò ×² Formal Speciﬁcation and Development in Z and B (ZB 2002)ò íðçíîçò
ÔÛÍÌ×ÛÒÒÛÍô Ùò ßÒÜ ÙßËÜÛÔô ÓòóÝò 2002. Testing processes from formal speciﬁcations with inputs, outputs
¿²¼ ¼¿¬¿ ¬§°»­ò ×² ïí¬¸ ×²¬»®²¿¬·±²¿´ Í§³°±­·«³ ±² Í±º¬©¿®» Î»´·¿¾·´·¬§ Û²¹·²»»®·²¹ ø×ÍÍÎÛ îððî÷ò íïìò
Ô×ÝØÌÛÒÍÌÛ×Òô Ñò ßÒÜ ÐÒËÛÔ×ô ßò 1985. Checking that ﬁnite state concurrent programs satisfy their linear
speciﬁcation. In Ð®·²½·°´»­ ±º Ð®±¹®¿³³·²¹ Ô¿²¹«¿¹»­ò ×ÛÛÛ Ý±³°«¬»® Í±½·»¬§ Ð®»­­ô çéïðéò
Ô×ÌÌÔÛÉÑÑÜô Þò îððëò ÝßÍÌ×ÒÙæ Ü»°»²¼¿¾·´·¬§ ¿­­»­­³»²¬ ±º ­±º¬©¿®»ó¾¿­»¼ ­§­¬»³­æ Í¬¿¬» ±º ¬¸» ¿®¬ò ×²
×ÝÍÛùðëæ îé¬¸ ×²¬»®²¿¬·±²¿´ Ý±²º»®»²½» ±² Í±º¬©¿®» Û²¹·²»»®·²¹ô Ó·­­±«®·ô ËÍßò êéò
Ô×Ëô Íò 1999. Verifying consistency and validity of formal speciﬁcations by testing. In É±®´¼ Ý±²¹®»­­ ±²
Ú±®³¿´ Ó»¬¸±¼­ô Öò É·²¹ô Öò É±±¼½±½µô ¿²¼ Öò Ü¿ª·»­ô Û¼­ò Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½»ô ª±´ò ïéðèò
Í°®·²¹»®óÊ»®´¿¹ô èçêçïìò
Ô×Ëô Íòô ÚËÕËÆßÕ×ô Ìòô ßÒÜ Ó×ÇßÓÑÌÑô Õò îðððò ß ÙË× ¿²¼ ¬»­¬·²¹ ¬±±´ º±® ÍÑÚÔò ×² ßÐÍÛÝ îðððæ é¬¸
Asia-Paciﬁc Software Engineering Conferenceò ×ÛÛÛô ìîïìîëò
Ô lÑÐÛÆô Òò ßÒÜ Ò lË ÒÛÆô Óò îððìò ß² ±ª»®ª·»© ±º °®±¾¿¾·´·­¬·½ °®±½»­­ ¿´¹»¾®¿­ ¿²¼ ¬¸»·® »¯«·ª¿´»²½»­ò ×²
Ê¿´·¼¿¬·±² ±º Í¬±½¸¿­¬·½ Í§­¬»³­ò Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½»ô ª±´ò îçîëò Í°®·²¹»®ô èçïîíò
ÔËÑô Ùò Ôòô ÐÛÌÎÛÒÕÑô ßòô ßÒÜ ÊÑÒ ÞÑÝØÓßÒÒô Ùò 1994. Selecting test sequences for partially-speciﬁed
nondeterministic ﬁnite state machines. In é¬¸ ×Ú×Ð É±®µ­¸±° ±² Ð®±¬±½±´ Ì»­¬ Í§­¬»³­ò Ý¸¿°³¿² ¿²¼ Ø¿´´ô
Ì±µ§±ô Ö¿°¿²ô çëïïðò
ÔËÑô Ùò Ôòô ÊÑÒ ÞÑÝØÓßÒÒô Ùòô ßÒÜ ÐÛÌÎÛÒÕÑô ßò ïççìò Ì»­¬ ­»´»½¬·±² ¾¿­»¼ ±² ½±³³«²·½¿¬·²¹ ²±²¼»ó
terministic ﬁnite-state machines using a generalized Wp-method. ×ÛÛÛ Ì®¿²­¿½¬·±²­ ±² Í±º¬©¿®» Û²¹·²»»®ó
·²¹ îðô îô ïìçïêïò
ÔÇÒÝÛô ×ò ßÒÜ ÓßÎÏËÛÍóÍ×ÔÊßô Öò îððîò Þ«·´¼·²¹ ­¬¿¬»ó±ºó¬¸»ó¿®¬ ­¿¬ ­±´ª»®­ò ×² ïë¬¸ Û«®±°»¿² Ý±²º»®»²½»
on Artiﬁcial Intelligence (ECAI’02)ò ïêêïéðò
ÓßÝÝÑÔÔô ×ò ßÒÜ ÝßÎÎ×ÒÙÌÑÒô Üò 1998. Testing MATIS: A case study on speciﬁcation-based testing of in-
¬»®¿½¬·ª» ­§­¬»³­ò ×² ÚßØÝ×çèæ Ú±®³¿´ ß­°»½¬­ ±º Ø«³¿² Ý±³°«¬»® ×²¬»®¿½¬·±² É±®µ­¸±°ò Þ®·¬·­¸ Ý±³°«¬»®
Í±½·»¬§ô ëéêçò
ÓßÝØßÜÑô Ðò Üò Ôò 2000. Testing from structured algebraic speciﬁcations. In ß´¹»¾®¿·½ Ó»¬¸±¼±´±¹§ ¿²¼
Í±º¬©¿®» Ì»½¸²±´±¹§ øßÓßÍÌ îððð÷ò ëîçëììò
ÓßÒÒßô Æò ßÒÜ ÐÒËÛÔ×ô ßò ïççîò Ê»®·º§·²¹ ¸§¾®·¼ ­§­¬»³­ò ×² Ø§¾®·¼ Í§­¬»³­ò Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»®
Í½·»²½»ô ª±´ò éíêò Í°®·²¹»®óÊ»®´¿¹ô ìíëò
ÓßÒÒßô Æò ßÒÜ ÐÒËÛÔ×ô ßò ïççëò Temporal Veriﬁcation of Reactive Systemsò Í°®·²¹»®óÊ»®´¿¹ò
ÓßÎ×ÒÑÊô Üò ßÒÜ ÕØËÎÍØ×Üô Íò îððïò Ì»­¬Û®¿æ ß ²±ª»´ º®¿³»©±®µ º±® ¿«¬±³¿¬»¼ ¬»­¬·²¹ ±º Ö¿ª¿ °®±¹®¿³­ò
×² Ð®±½»»¼·²¹­ ±º ¬¸» ïê¬¸ ×ÛÛÛ Ý±²º»®»²½» ±² ß«¬±³¿¬»¼ Í±º¬©¿®» Û²¹·²»»®·²¹ øßÍÛ îððï÷ò ×ÛÛÛô Í¿²
Ü·»¹±ô Ýßò
ÓßÎÎ×ÑÌÌô Õò ßÒÜ ÍÌËÝÕÛÇô Ðò ïççèò Ð®±¹®¿³³·²¹ ©·¬¸ Ý±²­¬®¿·²¬­æ ß² ×²¬®±¼«½¬·±²ò Ì¸» Ó×Ì Ð®»­­ô
Ý¿³¾®·¼¹»ô Óßô ËÍßò
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
éì ~
ÓÝÓ×ÔÔßÒô Õò Ôò ïççíò Í§³¾±´·½ Ó±¼»´ Ý¸»½µ·²¹ò Õ´«©»® ß½¿¼»³·½ Ð«¾´·­¸»®­ò
ÓÝÓËÔÔ×Òô Ðò Îò ßÒÜ ÙßÒÒÑÒô Öò Üò 1983. Combining testing with formal speciﬁcations: A case study.
×ÛÛÛ Ì®¿²­¿½¬·±²­ ±² Í±º¬©¿®» Û²¹·²»»®·²¹ çô íô íîèííëò
ÓÛËÜÛÝô Ýò 1997. Automatic generation of software tests from formal speciﬁcations. Ph.D. thesis, Queen’s
Ë²·ª»®­·¬§ ±º Þ»´º¿­¬ô Ò±®¬¸»®² ×®»´¿²¼ô ËÕò
Ó×ßÑô Øòô ÙßÑô Èòô ßÒÜ Ô×Ëô Ôò 1999. An approach to testing the nonexistence of initial state in Z speciﬁca-
¬·±²­ò ×² Ì»­¬ Í§³°±­·«³ô ïçççò øßÌÍùçç÷ Ð®±½»»¼·²¹­ò îèçîçìò
Ó×ÕÕô Ûò 1995. Compilation of Z speciﬁcations into C for automatic test result evaluation. In ÆËÓ ùçëæ Ì¸» Æ
Formal Speciﬁcation Notation, 9th International Conference of Z Usersò Í°®·²¹»®óÊ»®´¿¹ô ïêéïèðò
øÓ×ÔóÍÌÜ ïèèóîîðÞ÷ò ïççèò Ó·´·¬¿®§ ­¬¿²¼¿®¼ó·²¬»®±°»®¿¾·´·¬§ ­¬¿²¼¿®¼ º±® ¼·¹·¬¿´ ³»­­¿¹» ¼»ª·½» ­«¾­§­ó
¬»³­ò Ü»°¿®¬³»²¬ ±º Ü»º»²­»ò
Ó×ÔÔÛÎô Îò Ûò ßÒÜ ÐßËÔô Íò ïççíò Ñ² ¬¸» ¹»²»®¿¬·±² ±º ³·²·³¿´ ´»²¹¬¸ ½±²º±®³¿²½» ¬»­¬­ º±® ½±³³«²·½¿¬·±²­
°®±¬±½±´­ò ×ÛÛÛñßÝÓ Ì®¿²­¿½¬·±²­ ±² Ò»¬©±®µ·²¹ ïô ïô ïïêïîçò
Ó×ÔÒÛÎô Îò ïçèçò Ý±³³«²·½¿¬·±² ¿²¼ Ý±²½«®®»²½§ò Ð®»²¬·½» Ø¿´´ ×²¬»®²¿¬·±²¿´ Í»®·»­ ·² Ý±³°«¬»® Í½·»²½»ò
ÓÑÑÎÛô Ûò Ðò ïçëêò Ù»¼¿²µ»²ó»¨°»®·³»²¬­ò ×² ß«¬±³¿¬¿ Í¬«¼·»­ô Ýò Í¸¿²²±² ¿²¼ Öò Ó½Ý¿®¬¸§ô Û¼­ò Ð®·²½»¬±²
Ë²·ª»®­·¬§ Ð®»­­ò
ÓÑÍÍÛÍô Ðò Üò îððìò ÝßÍÔ Î»º»®»²½» Ó¿²«¿´æ Ì¸» Ý±³°´»¬» Ü±½«³»²¬¿¬·±² ±º ¬¸» Ý±³³±² ß´¹»¾®¿·½ Í°»½·ó
ﬁcation Languageò Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½»ô ª±´ò îçêðò Í°®·²¹»®óÊ»®´¿¹ò
ÓÑÍÌ ÝÑÑÐÛÎßÌ×ÑÒò îððîò ÓÑÍÌ ³»¼·¿ ±®·»²¬»¼ ­§­¬»³ ¬®¿²­°±®¬  ³«´¬·³»¼·¿ ¿²¼ ½±²¬®±´ ²»¬©±®µ·²¹
¬»½¸²±´±¹§ò
ÓËÎÎßÇô Ôòô ÝßÎÎ×ÒÙÌÑÒô Üòô ÓßÝÝÑÔÔô ×òô ÓÝÜÑÒßÔÜô Öòô ßÒÜ ÍÌÎÑÑÐÛÎô Ðò ïççèò Ú±®³¿´ ¼»®·ª¿¬·±²
of ﬁnite state machines for class testing. In ïï¬¸ ×²¬»®²¿¬·±²¿´ Ý±²º»®»²½» ±º Æ Ë­»®­ò Ô»½¬«®» Ò±¬»­ ·²
Ý±³°«¬»® Í½·»²½»ô ª±´ò ïìçíò Í°®·²¹»®ô ìîëçò
Òß×ÌÑô Íò ßÒÜ ÌÍËÒÑÇßÓßô Óò ïçèïò Ú¿«´¬ ¼»¬»½¬·±² º±® ­»¯«»²¬·¿´ ³¿½¸·²»­ò ×² ×ÛÛÛ Ú¿«´¬ Ì±´»®¿²¬
Ý±³°«¬»® Í§­¬»³­ò îíèîìíò
Ò×ÛÔÍÛÒô Þò ßÒÜ ÍÕÑËô ßò îððíò ß«¬±³¿¬»¼ ¬»­¬ ¹»²»®¿¬·±² º®±³ ¬·³»¼ ¿«¬±³¿¬¿ò Í±º¬©¿®» Ì±±´­ º±® Ì»½¸ó
²±´±¹§ Ì®¿²­º»® ëô ïô ëçééò
Ò lË ÒÛÆô Óò ßÒÜ ÎÑÜÎl×ÙËÛÆô ×ò îððíò Ì±©¿®¼­ ¬»­¬·²¹ ­¬±½¸¿­¬·½ ¬·³»¼ ­§­¬»³­ò ×² Ú±®³¿´ Ì»½¸²·¯«»­ º±®
Ò»¬©±®µ»¼ ¿²¼ Ü·­¬®·¾«¬»¼ Í§­¬»³­ øÚÑÎÌÛ îððí÷ò Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½»ô ª±´ò îéêéò Í°®·²¹»®ô
ííëíëðò
ÑÚÚËÌÌô Öò ßÒÜ Ô×Ëô Íò 1999. Generating test data from SOFL speciﬁcations. Ì¸» Ö±«®²¿´ ±º Í§­¬»³­ ¿²¼
Í±º¬©¿®» ìçô ïô ìçêîò
ÑÍÌÎßÒÜô Ìò Öò ßÒÜ ÞßÔÝÛÎô Óò Öò ïçèèò Ì¸» ½¿¬»¹±®§ó°¿®¬·¬·±² ³»¬¸±¼ º±® ­°»½·º§·²¹ ¿²¼ ¹»²»®¿¬·²¹
º«²½¬·±²¿´ ¬»­¬­ò Ý±³³«²·½¿¬·±²­ ±º ¬¸» ßÝÓ íïô êô êéêêèêò
ÐßÎÕô Üòô ÍÌÛÎÒô Ëòô ÍÕßÕÕÛÞßÛÕô Öò Ëòô ßÒÜ Ü×ÔÔô Üò Ôò îðððò Ö¿ª¿ ³±¼»´ ½¸»½µ·²¹ò ×² ×²¬»®²¿¬·±²¿´
Workshop on Automated Program Analysis, Testing and Veriﬁcationò Ô·³»®·½µô ×®»´¿²¼ô éìèîò
ÐÛÔÛÜô Üò ïççèò Ì»² §»¿®­ ±º °¿®¬·¿´ ±®¼»® ®»¼«½¬·±²ò ×² Computer Aided Veriﬁcation, 10th International
Ý±²º»®»²½» øÝßÊ ùçè÷ò Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½»ô ª±´ò ïìîéò Í°®·²¹»®óÊ»®´¿¹ô ïéîèò
ÐÛÔÛÜô Üò îððíò Ó±¼»´ ½¸»½µ·²¹ ¿²¼ ¬»­¬·²¹ ½±³¾·²»¼ò ×² ß«¬±³¿¬¿ô Ô¿²¹«¿¹»­ ¿²¼ Ð®±¹®¿³³·²¹ô íð¬¸
×²¬»®²¿¬·±²¿´ Ý±´´±¯«·«³ ø×ÝßÔÐ îððí÷ò Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½»ô ª±´ò îéïçò Í°®·²¹»®óÊ»®´¿¹ô
ìéêíò
ÐÛÔÛÜô Üòô ÊßÎÜ×ô Óòô ßÒÜ ÇßÒÒßÕßÕ×Íô Óò îððîò Þ´¿½µ ¾±¨ ½¸»½µ·²¹ò Ö±«®²¿´ ±º ß«¬±³¿¬¿ô Ô¿²¹«¿¹»­
¿²¼ Ý±³¾·²¿¬±®·½­ éô îô îîëîìêò
ÐÛÌÎÛÒÕÑô ßò ïççïò Ý¸»½µ·²¹ »¨°»®·³»²¬­ ©·¬¸ °®±¬±½±´ ³¿½¸·²»­ò ×² Ð®±¬±½±´ Ì»­¬ Í§­¬»³­ò ×Ú×Ð Ì®¿²­¿½ó
¬·±²­ò Ò±®¬¸óØ±´´¿²¼ô èíçìò
ÐÛÌÎÛÒÕÑô ßò 2001. Fault model-driven test derivation from ﬁnite state models: Annotated bibliography.
Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½» îðêéô ïçêîðëò
ÐÛÌÎÛÒÕÑô ßòô ÞÑÎÑÜßÇô Íòô ßÒÜ ÙÎÑÆô Îò 1999. Conﬁgurations in EFSM. In ×Ú×Ð Ö±·²¬ ×²¬»®²¿¬·±²¿´
Ý±²º»®»²½» ±² Ú±®³¿´ Ü»­½®·°¬·±² Ì»½¸²·¯«»­ º±® Ü·­¬®·¾«¬»¼ Í§­¬»³­ øÚÑÎÌÛ È××÷ ¿²¼ Ý±³³«²·½¿¬·±²
Protocols, and Protocol Speciﬁcation, Testing, and Veriﬁcation (PSTV XIX)ò Ý¸·²¿ô ëîìò
ÐÛÌÎÛÒÕÑô ßòô ÞÑÎÑÜßÇô Íòô ßÒÜ ÙÎÑÆô Îò 2004. Conﬁrming conﬁgurations in EFSM testing. ×ÛÛÛ Ì®¿²­ó
¿½¬·±²­ ±² Í±º¬©¿®» Û²¹·²»»®·²¹ íðô ïô îçìîò
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
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ÐÛÌÎÛÒÕÑô ßòô ÇÛÊÌËÍØÛÒÕÑô Òòô ÔÛÞÛÜÛÊô ßòô ßÒÜ ÜßÍô ßò ïççìò Ò±²¼»¬»®³·²·­¬·½ ­¬¿¬» ³¿½¸·²»­ ·²
°®±¬±½±´ ½±²º±®³¿²½» ¬»­¬·²¹ò ×² Ð®±¬±½±´ Ì»­¬ Í§­¬»³­ô Ê× øÝóïç÷ò Û´­»ª·»® Í½·»²½» øÒ±®¬¸óØ±´´¿²¼÷ô Ð¿«ô
Ú®¿²½»ô íêííéèò
ÐÛÌÎÛÒÕÑô ßòô ÇÛÊÌËÍØÛÒÕÑô Òòô ßÒÜ ÊÑÒ ÞÑÝØÓßÒÒô Ùò ïççêò Ì»­¬·²¹ ¼»¬»®³·²·­¬·½ ·³°´»³»²¬¿¬·±²­
from nondeterministic FSM speciﬁcations. In ç¬¸ ×²¬»®²¿¬·±²¿´ É±®µ­¸±° ±² Ì»­¬·²¹ ±º Ý±³³«²·½¿¬·²¹
Í§­¬»³­ ø×ÉÌÝÍùçê÷ò ïîëïìðò
ÐØßÔ×ÐÐÑËô Óò ïççìò Û¨»½«¬¿¾´» ¬»­¬»®­ò ×² Ð®±¬±½±´ Ì»­¬ Í§­¬»³­ Ê×ò Ò±®¬¸óØ±´´¿²¼ô íëëðò
ÐÒËÛÔ×ô ßò ïçééò Ì¸» ¬»³°±®¿´ ´±¹·½ ±º °®±¹®¿³­ò ×² ÚÑÝÍ ùééò ×ÛÛÛ Ý±³°«¬»® Í±½·»¬§ Ð®»­­ô ìêëéò
ÐÎÛÌÍÝØÒÛÎô ßòô ÐÎÛÒÒ×ÒÙÛÎô Éòô ÉßÙÒÛÎô Íòô Õ xËØÒÛÔô Ýòô ÞßËÓÙßÎÌÒÛÎô Óòô ÍÑÍÌßÉßô Þòô
Æ xÑÔÝØô Îòô ßÒÜ ÍÌßËÒÛÎô Ìò îððëò Ñ²» »ª¿´«¿¬·±² ±º ³±¼»´ó¾¿­»¼ ¬»­¬·²¹ ¿²¼ ·¬­ ¿«¬±³¿¬·±²ò ×² îé¬¸
ßÝÓñ×ÛÛÛ ×²¬»®²¿¬·±²¿´ Ý±²º»®»²½» ±² Í±º¬©¿®» Û²¹·²»»®·²¹ ø×ÝÍÛ îððë÷÷ò Í¬ò Ô±«·­ô Ó·­­±«®·ô ËÍßô íçî
ìðïò
ÏËÛ×ÔÔÛô Öò Ðò ßÒÜ Í×ÚßÕ×Íô Öò 1982. Speciﬁcation and veriﬁcation of concurrent systems in CESAR. In
×²¬»®²¿¬·±²¿´ Í§³°±­·«³ ±² Ð®±¹®¿³³·²¹ò Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½»ô ª±´ò ïíéò Í°®·²¹»®óÊ»®´¿¹ô
ííéíëïò
ÎßÊÒô ßò Ðòô Î×ÍÝØÛÔô Øòô ÝÑÒÎßÜô Úòô ßÒÜ ßÒÜÛÎÍÛÒô Ìò Ñò ïççëò Ø§¾®·¼ ½±²¬®±´ ±º ¿ ®±¾±¬  ¿ ½¿­»
­¬«¼§ò ×² Ø§¾®·¼ Í§­¬»³­ ××ò Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½» çççô íçïìðìò
Î×ÝÛô Óò Üò ßÒÜ ÍÛ×ÜÓßÒô Íò Þò ïççèò ß² ¿°°®±¿½¸ ¬± ¿®½¸·¬»½¬«®¿´ ¿²¿´§­·­ ¿²¼ ¬»­¬·²¹ò ×² í®¼ ×²¬»®²¿¬·±²¿´
©±®µ­¸±° ±² Í±º¬©¿®» ¿®½¸·¬»½¬«®»ò ßÝÓ Ð®»­­ô Ò»© Ç±®µô ïîïïîíò
Î×ÝØßÎÜÍÑÒô Üòô ßØßô Íò Ôòô ßÒÜ ÑùÓßÔÔÛÇô Ìò Ñò 1992. Speciﬁcation-based test oracles for reactive
­§­¬»³­ò ×² ïì¬¸ ×ÛÛÛ ×²¬»®²¿¬·±²¿´ Ý±²º»®»²½» ±² Í±º¬©¿®» Û²¹·²»»®·²¹ò ×ÛÛÛô ïðëïïèò
Î×ÝØßÎÜÍÑÒô Üò Öò ßÒÜ ÝÔßÎÕÛô Ôò ßò 1985. Partition analysis: A method combining testing and veriﬁca-
¬·±²ò ×ÛÛÛ Ì®¿²­¿½¬·±²­ ±² Í±º¬©¿®» Û²¹·²»»®·²¹ ïìô ïîô ïìééïìçðò
ÎÑÞ×ÒÍÑÒô ßò ßÒÜ ÊÑÎÑÒÕÑÊô ßò îððïò Ø¿²¼¾±±µ ±º ß«¬±³¿¬»¼ Î»¿­±²·²¹ò Ó×Ì Ð®»­­ò
ÍßÞÒßÒ×ô Õò ßÒÜ ÜßØÞËÎßô ßò ïçèèò ß °®±¬±½±´ ¬»­¬ ¹»²»®¿¬·±² °®±½»¼«®»ò Ý±³°«¬»® Ò»¬©±®µ­ ïëô ìô
îèëîçéò
ÍßÌÑô Úòô ÓËÒÛÓÑÎ×ô Öòô ×ÜÛÙËÝØ×ô Ìòô ßÒÜ Ó×ÆËÒÑô Ìò ïçèçò Í»¯«»²½» ¹»²»®¿¬·±² ¬±±´ º±® ½±³³«²·½¿¬·±²
­§­¬»³ò ×² î²¼ ×²¬»®²¿¬·±²¿´ Ý±²º»®»²½» ±² Ú±®³¿´ Ü»­½®·°¬·±² Ì»½¸²·¯«»­ º±® Ü·­¬®·¾«¬»¼ Í§­¬»³­ ¿²¼
Ý±³³«²·½¿¬·±² Ð®±¬±½±´­ô øÚÑÎÌÛùèç÷ò
ÍÝØÓ×ÌÌô Óòô ÛÕô ßòô ÙÎßÞÑÉÍÕ×ô Öòô ØÑÙÎÛÚÛô Üòô ßÒÜ ÕÑÝØô Þò ïççèò ß«¬±´·²µ  °«¬¬·²¹ ÍÜÔó¾¿­»¼
¬»­¬ ¹»²»®¿¬·±² ·²¬± °®¿½¬·½»ò ×² Ì»­¬·²¹ ±º Ý±³³«²·½¿¬·²¹ Í§­¬»³­ô ×Ú×Ð ÌÝê ïï¬¸ ×²¬»®²¿¬·±²¿´ É±®µ­¸±° ±²
Ì»­¬·²¹ Ý±³³«²·½¿¬·²¹ Í§­¬»³­ ø×ÉÌÝÍ÷ò Õ´«©»® ß½¿¼»³·½ Ð«¾´·­¸»®­ô îîéîììò
Í×ÜØËô Üò Ðò ßÒÜ ÔÛËÒÙô ÌòóÕò ïçèçò Ú±®³¿´ ³»¬¸±¼­ º±® °®±¬±½±´ ¬»­¬·²¹æ ß ¼»¬¿·´»¼ ­¬«¼§ò ×ÛÛÛ Ì®¿²­¿½ó
¬·±²­ ±² Í±º¬©¿®» Û²¹·²»»®·²¹ ïëô ìô ìïíìîêò
Í×ÓÍô Íò ïçççò Ì¸» Ð®±½»­­ ß´¹»¾®¿ Ý±³°·´»® Ë­»®ù­ Ó¿²«¿´ò Î»¿½¬·ª» Í§­¬»³­ô ×²½ò
Í×ÒÙØô Øòô ÝÑÒÎßÜô Óòô ßÒÜ ÍßÜÛÙØ×ÐÑËÎô Íò 1997. Test case design based on Z and the classiﬁcation-tree
³»¬¸±¼ò ×² ï­¬ ×ÛÛÛ Ý±²º»®»²½» ±² Ú±®³¿´ Û²¹·²»»®·²¹ Ó»¬¸±¼­ò ×ÛÛÛ Ý±³°«¬»® Í±½·»¬§ô Ø·®±­¸·³¿ô Ö¿°¿²ô
èïçðò
ÍÐ×ÊÛÇô Öò Óò ïçèèò Understanding Z: A Speciﬁcation Language and its Formal Semanticsò Ý¿³¾®·¼¹» Ë²·ó
ª»®­·¬§ Ð®»­­ò
ÍÐ×ÊÛÇô Öò Óò ïççîò Ì¸» Æ Ò±¬¿¬·±²æ ß Î»º»®»²½» Ó¿²«¿´ô î²¼ »¼ò Ð®»²¬·½» Ø¿´´ ×²¬»®²¿¬·±²¿´ Í½·»²½» ·²
Ý±³°«¬»® Í½·»²½»ò
ÍÌßËÒÛÎô Ìòô ÓËÔÔÛÎô Ñòô ßÒÜ ÚËÝØÍô Óò ïççéò Ë­·²¹ ØÇÌÛÝØ ¬± ª»®·º§ ¿² ¿«¬±³±¬·ª» ½±²¬®±´ ­§­¬»³ò
Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½» ïîðïô ïíçïëíò
ÍÌÛÐÒÛÇô Íò ïççëò Ì»­¬·²¹ ¿­ ¿¾­¬®¿½¬·±²ò ×² The Z Formal Speciﬁcation Notation (ZUM 95)ò Ô»½¬«®» Ò±¬»­ ·²
Ý±³°«¬»® Í½·»²½»ô ª±´ò çêéò Í°®·²¹»®ô ïíéïëïò
ÍÌ×ÎÔ×ÒÙô Ýò ïççîò Ó±¼¿´ ¿²¼ ¬»³°±®¿´ ´±¹·½­ò ×² Ø¿²¼¾±±µ ±º Ô±¹·½ ·² Ý±³°«¬»® Í½·»²½»ò Ê±´ò îò Ñ¨º±®¼
Ë²·ª»®­·¬§ Ð®»­­ô ìééëêíò
ÍÌÑÝÕÍô Ðò ßò ïççíò ß°°´§·²¹ º±®³¿´ ³»¬¸±¼­ ¬± ­±º¬©¿®» ¬»­¬·²¹ò Ð¸òÜò ¬¸»­·­ô Ë²·ª»®­·¬§ ±º Ï«»»²­´¿²¼ô
ß«­¬®¿´·¿ò
ÍÌÑÝÕÍô Ðò ßò ßÒÜ ÝßÎÎ×ÒÙÌÑÒô Üò ßò 1996. A framework for speciﬁcation-based testing. ×ÛÛÛ Ì®¿²­¿½ó
¬·±²­ ±² Í±º¬©¿®» Û²¹·²»»®·²¹ îîô ïï øÒ±ªò÷ô ééééçíò
ßÝÓ Ö±«®²¿´ Ò¿³»ô Ê±´ò Êô Ò±ò Òô Ó±²¬¸ îðÇÇò
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Í¬®¿¬»¹·»­ò ×ÛÛÛô íïçíîëò
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¬·±² ½±²¼·¬·±²­ò Í±º¬©¿®» Ð®¿½¬·½» ¿²¼ Û¨°»®·»²½» íðô ïô êïéçò
ÌÎÛØßÎÒÛô Øòô ÜÎßÐÛÎô Öòô ßÒÜ ÍÝØÒÛ×ÜÛÎô Íò ïççèò Ì»­¬ ½¿­» °®»°¿®¿¬·±² «­·²¹ ¿ °®±¬±¬§°»ò ×² Þùçèæ
î²¼ ×²¬»®²¿¬·±²¿´ Þ Ý±²º»®»²½»ô Î»½»²¬ ¿¼ª¿²½»­ ·² ¬¸» ¼»ª»´±°³»²¬ ¿²¼ «­» ±º ¬¸» Þ Ó»¬¸±¼ô Üò Þ»®¬ô Û¼ò
Ô»½¬«®» Ò±¬»­ ·² Ý±³°«¬»® Í½·»²½»ô ª±´ò ïíçíò Í°®·²¹»®óÊ»®´¿¹ô îçííïïò
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¹»²»®¿¬·±²ò Ý±³°«¬»® Ò»¬©±®µ­ ¿²¼ ×ÍÜÒ Í§­¬»³­ îçô ïô ìçéçò
ÌÎÛÌÓßÒÍô Öò ßÒÜ ÞÎ×ÒÕÍÓßô Ûò îððíò ÌÑÎÈ æ ß«¬±³¿¬»¼ Ó±¼»´ Þ¿­»¼ Ì»­¬·²¹ò ×² Ú·®­¬ Û«®±°»¿² Ý±²ó
º»®»²½» ±² Ó±¼»´óÜ®·ª»² Í±º¬©¿®» Û²¹·²»»®·²¹ô ßò Ø¿®¬³¿² ¿²¼ Õò Ü«­­¿óÆ·»¹»®ô Û¼­ò ×³¾«­­ô Óx±¸®»²¼±®ºô
Ù»®³¿²§ò ïí °¿¹»­ò
ÌÍËÝØ×Çßô Ìò ßÒÜ Õ×ÕËÒÑô Ìò 2002. On fault classes and error detection capability of speciﬁcation-based
¬»­¬·²¹ò ßÝÓ Ì®¿²­¿½¬·±²­ ±² Í±º¬©¿®» Û²¹·²»»®·²¹ ¿²¼ Ó»¬¸±¼±´±¹§ ïïô ïô ëèêîò
ËÎßÔô Øòô ÍßÔÛØô Õòô ßÒÜ É×ÔÔ×ßÓÍô ßò îðððò Ì»­¬ ¹»²»®¿¬·±² ¾¿­»¼ ±² ½±²¬®±´ ¿²¼ ¼¿¬¿ ¼»°»²¼»²½·»­
within system speciﬁcations in SDL. Ý±³°«¬»® Ý±³³«²·½¿¬·±²­ îíô êðçêîéò
ËÎßÔô Øòô ÉËô Èòô ßÒÜ ÆØßÒÙô Úò ïççéò Ñ² ³·²·³·¦·²¹ ¬¸» ´»²¹¬¸­ ±º ½¸»½µ·²¹ ­»¯«»²½»­ò ×ÛÛÛ Ì®¿²­¿½ó
¬·±²­ ±² Ý±³°«¬»®­ ìêô ïô çíççò
ËÇßÎô Óò Ëò ßÒÜ ÜËßÔÛô ßò Çò 1999. Resolving inconsistencies in EFSM modeled speciﬁcations. In ×ÛÛÛ
Ó·´·¬¿®§ Ý±³³«²·½¿¬·±²­ Ý±²º»®»²½» øÓ×ÔÝÑÓ÷ò ß¬´¿²¬·½ Ý·¬§ô ÒÖò
ËÇßÎô Óò xËòô ÚÛÝÕÑô Óò ßòô ÜËßÔÛô ßò Çòô ßÓÛÎô Ðò Üòô ßÒÜ ÍÛÌØ×ô ßò Íò îððíò Û¨°»®·»²½» ·² ¼»ª»´±°·²¹
¿²¼ ¬»­¬·²¹ ²»¬©±®µ °®±¬±½±´ ­±º¬©¿®» «­·²¹ ÚÜÌ­ò ×²º±®³¿¬·±² ¿²¼ Í±º¬©¿®» Ì»½¸²±´±¹§ ìëô ïîô èïëèíëò
ÊßÔÓßÎ×ô ßò ïççðò ß ­¬«¾¾±®² ¿¬¬¿½µ ±² ¬¸» ­¬¿¬» »¨°´±­·±² °®±¾´»³ò ×² Computer Aided Veriﬁcation, 2nd
×²¬»®²¿¬·±²¿´ É±®µ­¸±° øÝßÊ ùçð÷ò Ü×ÓßÝÍô ª±´ò íò ßÓÍô îëìîò
ÊßÎß×Çßô Ðò ïççíò Í³¿®¬ ½¿®­ ±² ­³¿®¬ ®±¿¼­ò ×ÛÛÛ Ì®¿²­¿½¬·±²­ ±² ß«¬±³¿¬·½ Ý±²¬®±´ íèô îô ïçëîðéò
ÊßÎÜ×ô Óò ßÒÜ ÉÑÔÐÛÎô Ðò 1986. An automata-theoretic approach to automatic program veriﬁcation. In
Í§³°±­·«³ ±² Ô±¹·½ ·² Ý±³°«¬»® Í½·»²½» øÔ×ÝÍ ùèê÷ò ×ÛÛÛ Ý±³°«¬»® Í±½·»¬§ Ð®»­­ô ííîíììò
ÊßÍ×ÔÛÊÍÕ××ô Óò Ðò ïçéíò Ú¿·´«®» Ü·¿¹²±­·­ ±º ß«¬±³¿¬¿ò Ý§¾»®²»¬·½­ò Ð´»²«³ Ð«¾´·­¸·²¹ Ý±®°±®¿¬·±²ò
Ê×ÔÕÑÓ×Îô Íò ßò ßÒÜ ÞÑÉÛÒô Öò Ðò îððïò Ú±®³¿´·¦¿¬·±² ±º ­±º¬©¿®» ¬»­¬·²¹ ½®·¬»®·¿ «­·²¹ ¬¸» Æ ²±¬¿¬·±²ò
×² îë¬¸ ß²²«¿´ ×²¬»®²¿¬·±²¿´ Ý±³°«¬»® Í±º¬©¿®» ¿²¼ ß°°´·½¿¬·±²­ Ý±²º»®»²½» øÝÑÓÐÍßÝ îððï÷ô Ý¸·½¿¹±ô
×´´·²±·­ò ×ÛÛÛ Ý±³°«¬»® Í±½·»¬§ô íëïíëêò
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ÊÑÒ ÞÑÝØÓßÒÒô Ùò ßÒÜ ÐÛÌÎÛÒÕÑô ßò ïççìò Ð®±¬±½±´ ¬»­¬·²¹æ Î»ª·»© ±º ³»¬¸±¼­ ¿²¼ ®»´»ª¿²½» º±® ­±º¬ó
©¿®» ¬»­¬·²¹ò ×² ßÝÓ ×²¬»®²¿¬·±²¿´ Í§³°±­·«³ ±² Í±º¬©¿®» Ì»­¬·²¹ ¿²¼ ß²¿´§­·­ò Í»¿¬¬´» ËÍßô ïðçïîíò
ÊÑÒ ÞÑÝØÓßÒÒô Ùòô ÐÛÌÎÛÒÕÑô ßòô ÞÛÔÔßÔô Ñòô ßÒÜ ÓßÎÙË×ÎßÙßô Íò ïççéò ß«¬±³¿¬·²¹ ¬¸» °®±½»­­ ±º
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